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I. I N l X O D U U  ION 
T h i s  r e p o r t  d e s c r i b e s  the  d e s i g n ,  development,  f a b r i c a t i o n ,  and d e l i v e r y  of 
motors ana items of  ground suppor t  equipment t h a t  Aero je t -Genera l  h a s  accomplished 
i n  compliance wi th  Na t iona l  Aeronau t i c s  and Space Admin i s t r a t ion  C o n t r a c t  NAS 9-456. 
11. SUMMARY 
Under C o n t r a c t  NAS 9-456, Aero je t -Genera l  h a s  designed and developed an i g n i t e r  
capab le  o f  o p e r a t i n g  a t  an a l t i t u d e  o f  100,000 f t ,  a d e s t r u c t  sys t em,  and a c a n t a b l e  
n o z z l e  f o r  t h e  A l g o l  I D  motor. Seven motors were f a b r i c a t e d ,  t h r e e  f o r  c a n t a b l e -  
n o z z l e  t e s t i n g  and f o u r  f o r  d e l i v e r y .  I n  a d d i t i o n ,  11 i t e m s  of  ground suppor t  
equipment were des igned ,  f a b r i c a t e d ,  and d e l i v e r e d ;  a s s o c i a t e d  program suppor t  w a s  
a l s o  provided. The program desc r ibed  h e r e i n  was i n i t i a t e d  I n  May 1962 and concluded 
i n  September 1963. 
I 
111. PROGRAM HISTORY 
A.  CONTRACT HISTORY 
N a t i o n a l  Aeronau t i c s  and Space Admin i s t r a t ion  (NASA) Con t rac t  NAS 9-456 
was r e c e i v e d  28 May 1962. The c o n t r a c t  r e q u i r e d  d e s i g n ,  proof t e s t i n g ,  and d e l i v e r y  
of 19 each  a d j u s t a b l e  c a n t a b l e  n o z z l e s ,  i g n i t e r s ,  and Algol  I D  moto r s ;  d e l i v e r y  of 
t h r e e  A l g o l  I D  motor t r a n s p o r t e r s ;  and t h e  necessa ry  program suppor t  f u n c t i o n s .  
Assoc ia t ed  suppor t  e f f o r t  and hardware and t h e  s p e c i f i c  program d e t a i l s  were t o  be 
i n  accordance  w i t h  t h e  program p l a n  prepared by Aeroje t -Genera l  and approved by NASA. 
Following s u b m i t t a l  o f  t h e  program p lan  i n  J u l y  1962, NASA r e d i r e c t e d  the 
program i n  October 1962. The number of d e l i v e r a b l e  motors was reduced t o  f o u r  w i t h  
* s t r a i g h t  n o z z l e s  and t h e  number of  tes t  motors  f o r  canted-nozz le  development was 
reduced t o  t h r e e .  I n  a d d i t i o n ,  support  s e r v i c e s  and equipment r equ i r emen t s  were 
reduced acco rd ing ly .  Development of an i g n i t e r  and a forward-head-mounted d e s t r u c t  
System a s  s p e c i f i e d  i n  t h e  program p lan  was inc luded  i n  t h e  program r e d i r e c t i o n .  
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111, A ,  Con t rac t  H i s to ry  (cont . )  
I n  January  1963, NASA changed t h e  r equ i r emen t s  f o r  t h e  d e s t r u c t  system 
from a forward-head-mounted s y s t e m  t o  a chamber-mounted s y s t e m .  
B. MILESTONES 
The completion d a t e s  of program m i l e s t o n e s  from r e c e i p t  o f  t h e  l e t t e r  
c o n t r a c t  i n  May 1962 through program completion i n  September 1963 a r e  shown i n  
F igure  1 .  
I V .  MCTTOR DEVELOPMENT 
A .  MOTOR 
1 .  Ch am b e r  
The L i t t l e  J o e  I1 motor chamber d e s i g n  ( F i g u r e  2) i s  s i m i l a r  t o  t h e  
Algol  I D  motor chamber des ign  except  t h a t  t h e  welded me ta l  c l i p s  used f o r  raceway 
at tachment  a r e  omit ted and the  s k i r t - r i n g  b o l t  h o l e  s i z e  i s  inc reased  from 
0.500-20 UNF-2B t o  0.625-18 UNF-2B. 
B. NOZZLE 
1 .  S t r a i g h t  Nozzle (Algol  I D  Mod I1 Motor) 
The s t r a i g h t  nozz le  ( F i g u r e  3) used on d e l i v e r a b l e  Algo l  I D  Mod 11 
motors i s  t h e  same nozz le  used on p r e v i o u s  Algol  I D  motors.  More s t r i n g e n t  i n spec -  
t i o n  r equ i r emen t s  are  used f o r  t h e  welded s t e e l  hous ing ,  and Spee r  875T g r a p h i t e  i s  
s u b s t i t u t e d  f o r  t h e  Speer  8500 g r a p h i t e ,  which i s  no  longer  a v a i l a b l e .  
2. Cantable  Nozzle (Algol  I D  Mod I Motor) 
The c a n t a b l e  nozz le  ( F i g u r e  4) used on t h e  deve lopmenta l  Algol  I D  
The b a s i c  d e s i g n  c r i t e r i a  Mod I motors was designed f o r  the  L i t t l e  Joe I1 Program. 
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IV, B, Nozzle 
f o r  t h e  nozz l  
( con t . )  
a r e  t o  provide  performance equ iva len t  t o  t h  t o f  a s t r a i g h t  noz l e  
and t h e  c a p a b i l i t y  f o r  ad jus tment  of  the n o z z l e  cant a n g l e  from 0 t o  14 degrees .  
The n o z z l e  c o n s i s t s  of  a movable t h r o a t  and ex i t - cone  assembly a t t a c h e d  t o  a f i x e d  
c l o s u r e  assembly b y  t runn ion  arms and pins .  A bal l -and-socket  t y p e  j o i n t  e n a b l e s  
n o z z l e  movement and an 0 r i n g  between the p a r t s  p r o v i d e s  t h e  g a s  s e a l .  The g a s  s e a l  
i s  p r o t e c t e d  from t h e  f lame f r o n t  by a b a f f l e  r ing .  A micrometer assembly, l o c a t e d  
90 d e g r e e s  from t h e  h inge  a x i s ,  i s  used t o  set t h e  n o z z l e  can t  ang le .  
The ba l l -and-socket  j o i n t  and O-ring s e a l  des ign  used on the  
L i t t l e  J o e  I1 nozz le  i s  s i m i l a r  t o  t h e  movable s e a l  d e s i g n  s u c c e s s f u l l y  used on o t h e r  
A e r o j e t  motors.  The t h r o a t  and ex i t -cone  assembly i s  s i m i l a r  t o  t h a t  s u c c e s s f u l l y  
used on t h e  Algol  IIA nozz le  assembl ies .  The t h r o a t  i n s e r t  i s  f a b r i c a t e d  of RVA 
g r a p h i t e ;  R e f r a s i l - p h e n o l i c  was used f o r  the  a f t - c l o s u r e  i n s u l a t o r  and e x i t  cone; 
and t h e  a f t  c l o s u r e ,  t h r o a t  housing,  and sma l l  hardware were f a b r i c a t e d  of  4130 o r  
4340 s t e e l .  
The f o u r  n o z z l e s  produced f o r  the  program were f a b r i c a t e d  t o  t h e  
o r i g i n a l  des ign  w i t h  minor changes t o  f a c i l i t a t e  machining and i n s p e c t i o n .  
completed n o z z l e s  were p roof - t e s t ed  a t  350 p s i g  be fo re  i n s t a l l a t i o n  on the motors.  
Nozzle-performance d a t a  a r e  p re sen ted  i n  S e c t i o n  V and i n  t h e  L i t t l e  J o e  11 T e s t  
Data Book. 
The 
C. IGNITION SYSTEM 
A h i g h - a l t i t u d e  i g n i t e r  (F igu re  5) was developed f o r  the  Algol  ID r o c k e t  
motor ;  33 i g n i t e r s  were t e s t - f i r e d  during the program. The f i r s t  s ix  i g n i t e r s  were 
f i r e d  t o  e s t a b l i s h  t h e  i g n i t e r  main-charge fo rmula t ion .  
q u e n t l y  f i r e d  t o  e s t a b l i s h  t h e  s i z e  of t h e  i g n i t e r  charge  and t o  determine t h e  a r e a  
of t h e  g a s  p o r t s  i n  t h e  main chamber r equ i r ed  t o  ma in ta in  des ign  i g n i t e r  chamber 
p r e s s u r e .  Four teen  i g n i t e r s  o f  f i n a l  des ign  were f i r e d  t o  de te rmine  performance 
r e p e a t a b i l i t y .  
s t a t i c  f i r i n g s  o f  motors LJ-1,  -4 ,  and -7. T e s t  r e s u l t s  confirmed t h e  ignLt ion  
c a p a b i l i t y  o f  t h e  i g n i t e r  f o r  u se  i n  the Algol  ID r o c k e t  motor. 
Ten i g n i t e r s  were subse- 
Three  i g n i t e r s  of the  f i n a l  c o n f i g u r a t i o n  were used d u r i n g  t h e  
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I V ,  C ,  I g n i t i o n  System (cont . )  
The p r i n c i p a l  i g n i t e r  components a r e  the a d a p t e r ,  s q u i b s ,  b o o s t e r ,  and 
main charges .  The i g n i t e r  a d a p t e r ,  which ho lds  a l l  i g n i t e r  components t o g e t h e r ,  i s  
used t o  assemble the i g n i t e r  t o  t h e  r o c k e t  motor. The s q u i b s ,  which a r e  a c t u a t e d  
b y  e l e c t r i c  b r idgewi res ,  f i r e  a sma l l  cha rge ,  i g n i t i n g  t h e  boos te r  cha rge ,  which 
p ropaga te s  t h e  f i r i n g  t r a i n  and r e s u l t s  i n  i g n i t i o n  o f  t h e  main i g n i t e r  charge.  The 
boos te r  charge c o n s i s t s  o f  90 gm of AGC-14046 A l c l o  powder, which c o n t a i n s  aluminum 
powder, i ron-carbonyl  powder, l e a d  powder, and potassium p e r c h l o r a t e .  The main 
i g n i t e r  charge  c o n s i s t s  o f  3000 gm o f  AGC-14046 A l c l o  powder. 
main charge weight  v s  motor f r ee  volume of  t h e  L i t t l e  J o e  I1 i g n i t e r  w i t h  t h a t  of 
i g n i t e r s  f o r  o t h e r  s o l i d - r o c k e t  motors  i s  shown i n  F igu re  6. The t o t a l  i g n i t e r  
energy  d e l i v e r e d ,  compared w i t h  t h e  i g n i t e r  ene rgy-de l ive ry  r a t e  f o r  o t h e r  l a r g e -  
s o l i d - r o c k e t  motors ,  i s  shown i n  F igu re  7.  
A comparison of t h e  
I n  e s t a b l i s h i n g  t h e  f i n a l  i g n i t e r  d e s i g n  c r i t e r i a ,  t h e  f o l l o w i n g  impor tan t  
changes were made: 
1 .  I g n i t e r  Main-Charge Formulat ion 
AGC-14046 A l c l o  powder r a t h e r  t h a n  AGC-32014 A l c l o  powder was 
s e l e c t e d  f o r  t h e  main i g n i t e r  charge because of  t h e  g r e a t e r  r e p r o d u c i b i l i t y  of burning 
c h a r a c t e r i s t i c s  . 
2. I g n i t e r  Main-Charge Neight  
A main charge weight  of  3000 gm was s e l e c t e d  f o l l o w i n g  t h e  rev iew 
o f  t h e  performance of i g n i t e r s  w i t h  1950- and 3000-gm cha rge  we igh t s ,  The h e a v i e r  
charge weight provided the  n e c e s s a r y  thermal  energy  r e q u i r e d  t o  i g n i t e  the  Algol  I D  




3. I g n i t e r  Main-Chamber P o r t  S i z e  
* 
The p o r t  s i z e ,  which was i n c r e a s e d  from 3.76 t o  6.90 sq i n .  when 
t h e  i g n i t e r  main charge weight was i n c r e a s e d ,  was subsequen t ly  reduced t o  5.51 sq i n .  
I n  a d d i t i o n ,  f o u r  h o l e s  were d r i l l e d  around t h e  s i n g l e  a x i a l  ho le  of  the  p o r t  t o  
p rov ide  wider d i s t r i b u t i o n  of i g n i t e r  energy. The 5.51-sq-in. p o r t  m a i n t a i n s  chamber 
p r e s s u r e  and c o n t r o l s  t h e  energy d e l i v e r y  r a t e ,  r e s u l t i n g  i n  r e p r o d u c i b l e  rocke t -  
motor i g n i t i o n .  
4.  Booster-Chamber P o r t  Design 
The o r i g i n a l  t h ree -ho le  b o o s t e r  chamber ope ra t ed  a t  e x c e s s i v e l y  
h igh  p r e s s u r e s  and a p p a r e n t l y  con t r ibu ted  t o  burn throughs  o f  t h e  i g n i t e r  main 
chamber. T h e r e f o r e ,  t h e  p o r t  d e s i g n  w a s  modified t o  a s i n g l e  a x i a l  h o l e  w i t h  p e l l e t  
r e t a i n e r .  The change e n a b l e s  the booster  charge  t o  burn completely wi thou t  b lock ing  
the chamber p o r t .  The development of  the i g n i t e r  d e s i g n  i s  summarized i n  F igu re  8. 
Minor changes were a l s o  made t o  modify d imens iona l  t o l e r a n c e s  and 
s i m p l i f y  f a b r i c a t i o n  o f  the  component p a r t s .  The f i n a l  c o n f i g u r a t i o n  of t h e  i g n i t e r  
assembly i s  shown i n  F igure  5. 
D. IGNITER INITIATOR 
Design c r i t e r i a  for t h e  i g n i t e r  i n i t i a t o r  were e s t a b l i s h e d  from d a t a  
o b t a i n e d  i n  t h e  s u c c e s s f u l  use of t h e  squ ibs  i n  t h e  Aero je t  Algol  I I A  motor i g n i t e r ;  
t h e  e x t e r n a l  c o n f i g u r a t i o n  o f  the Algol I I A  motor i g n i t e r  s q u i b s  was s l i g h t l y  
modi f ied  f o r  u se  w i t h  the Algo l  I D  i g n i t e r  i n i t i a t o r ,  which h a s  a d i f f e r e n t  
c o n n e c t o r  and i s  r e q u i r e d  t o  o p e r a t e  a t  a l t i t u d e s  upe to  200,000 ft. The n o - f i r e  
and f u n c t i o n a l  des ign  c a p a b i l i t y  and the p h y s i c a l  d a t a  for t h e  s q u i b  a r e  shown i n  
F i g u r e  9. The s q u i b  c o n f i g u r a t i o n  i s  shown i n  F igu re  10. 
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I E. DESTRUCT SYSTJjM 
Three  concepts  were cons idered  i n  t h e  development of  the d e s t r u c t  u n i t .  
I n  t h e  f i r s t  concept ,  proposed by A e r o j e t ,  two shaped cha rges  were assembled i n  
p a r a l l e l  l i n e s  6 i n ,  a p a r t  on t h e  s i d e  of t h e  chamber i n  a raceway assembly. The 
cha rges  were designed t o  produce two p a r a l l e l  c u t s  approximate ly  10 f t  long.  The 
second concep t ,  i n i t i a t e d  a t  t h e  d i r e c t i o n  of  NASA, r e s u l t e d  i n  t h e  d e s i g n  of a 
shaped charge assembled i n  8 hoop c o n f i g u r a t i o n  t o  e n a b l e  s e p a r a t i o n  o f  t h e  forward 
dome from the  chamber. F a b r i c a t i o n  of t h i s  d e s t r u c t  system was s t a r t e d  but was 
d i scon t inued  a t  the  d i r e c t i o n  of NASA because of t h e  hazard o f  p o s s i b l e  damage t o  t h e  
L i t t l e  Joe  I1 r e - e n t r y  v e h i c l e  when t h e  head became s e p a r a t e d  from t h e  chamber i n  
f l i g h t .  I n  the t h i r d  concep t ,  i n i t i a t e d  a t  t h e  d i r e c t i o n  of NASA, two 8- f t - long  
s i n g l e  l i n e a r  shaped cha rges  a r e  mounted 180 d e g r e e s  a p a r t  on t h e  forward end of t h e  
chamber. These charges  produce l o n g i t u d i n a l  p e r f o r a t i o n s  a t  l e a s t  100 i n .  long when 
ac tua ted  on an unpressur ized  motor,  
The d e s t r u c t  u n i t  (F igu re  1 1 )  f o r  t h e  Algo l  I D  motor was des igned  on t h e  
b a s i s  o f  expe r i ence  ga ined  i n  the  Minuteman Motor Development Program. The two 
8 - f t - long  shaped charges  i n  a chevron c o n f i g u r a t i o n  a r e  enc losed  i n  s e p a r a t e  s i l i c o n e  
rubber  r e t a i n i n g  t r a c k s ,  which a r e  a t t ached  t o  t h e  chamber. The rubber  r e t a i n e r  i s  
bonded t o  t h e  chamber and held i n  p l a c e  by clamps and b l o c k s ,  which may be used a s  
r e f e r e n c e  p o i n t s  i n  assembl ing  the  d e s t r u c t  u n i t  t o  the  chamber d u r i n g  f i e l d  i n s t a l l a -  
t i o n .  The shaped charge i s  i n i t i a t e d  from both  ends  by Primacord c o n n e c t o r s ,  which 
a r e  a c t u a t e d  by an e l e c t r i c a l  s i g n a l  t o  t h e  Beckman-Whitley sa fe ty -a rming  d e v i c e .  
All of the e x p l o s i v e  components used i n  t h e  d e s t r u c t  u n i t ,  except  f o r  t h e  
safety-arming dev ice ,  have been used on Minuteman motors  and have a demonst ra ted  
minimum r e l i a b i l i t y  o f  0.995 a t  a 95% conf idence  l e v e l .  
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The wea the r -b l a s t  s e a l  f o r  the L i t t l e  J o e  I1 canted  nozz le  i s  des igned  
t o :  p revent  e n t r y  of  d u s t ,  m o i s t u r e ,  and f o r e i g n  o b j e c t s ;  r e s i s t  t h e  e x t e r n a l - t o -  
i n t e r n a l  p r e s s u r e  d i f f e r e n t i a l  and t h e  hea t  e f f e c t s  o f  l aunch ing ;  prevent  premature 
i g n i t i o n  of second-stage motors by ad jacen t  f irst  s t a g e  motors ;  wi ths tand  or r e l i e v e  
t h e  i n t e r n a l - t o - e x t e r n a l  p r e s s u r e  d i f f e r e n t i a l  a t  a l t i t u d e ;  blow o f f  a t  i g n i t i o n  
when t h e  i n t e r n a l  motor p r e s s u r e  r eaches  approximate ly  35 p s i g ;  proviclo a c c e s s  f o r  
g r a i n  i n s p e c t i o n  and l e a k  t e s t s ;  and enable  i n s t a l l a t i o n  of l e a d s  from t h e  thermocou- 
p l e s  t h a t  a r e  l o c a t e d  i n  t h e  g r a i n .  
v. TEST PROGRAM 
A .  FULL-SCALE-MOTOR FIRINGS 
1 .  Motor Performance 
Three f u l l - s c a l e  Algol  I D  Mod I motors,  L J - 1 ,  -4,  and - 7 ,  were 
f i r e d  t o  demonst ra te  t h e  p ropu l s ion  system and t o  de te rmine  performance charac-  
t e r i s t i c s .  The motors had the  improved h i g h - a l t i t u d e  i g n i t e r s  and v a r i a b l e  can t -  
a n g l e  n o z z l e s .  A schemat ic  drawing o f  the  motor t e s t  s e t u p  i s  shown i n  F i g u r e  12;  
F i g u r e s  1 3  through 16 show t h e  motors i n  the  t e s t  s t and .  I n s t r u m e n t a t i o n  l o c a t i o n s  
f o r  motor W-7 a r e  shown i n  F igu re  17. The performance c h a r a c t e r i s t i c s  of the  t h r e e  
motors  a r e  summarized i n  F i g u r e  18; cu rves  o f  measured chamber p r e s s u r e  and t h r u s t  v s  
t i m e  f o r  motors LJ-1 , -4 ,  and -7 a r e  shown i n  F i g u r e s  19 ,  20, and 21, r e s p e c t i v e l y .  
P o s t f i r i n g  views of t h e  motors  a r e  shown i n  F i g u r e s  22 through 28. 
The most s i g n i f i c a n t  f a c t o r s  i n  a comparison of  d a t a  obta ined  from 
motor f i r i n g s  ( F i g u r e  18) a r e  t h e  average web t h r u s t  and t h e  web burning t ime.  The 
r ange  o f  average  t h r u s t  v a l u e s  was 201 l b f .  The d i f f e r e n c e s  i n  the  web burning 
t i m e s  d i d  not exceed 0.6 sec.  
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Motor LJ-1 was f i r e d  w i t h  the  nozz le  i n  t h e  zero-degree p o s i t i o n ;  
a f o r c e  angle  o f  0.6 deg rees  was measured between the  motor and t h e  t e s t  s t a n d .  
Motors LJ-4 and LJ-7 were f i r e d  w i t h  t h e  n o z z l e s  canted a t  14  d e g r e e s ;  the  measured 
f o r c e  a n g l e s  between t h e  motors and the  t e s t  s t and  were 12.9 and 14 .5  d e g r e e s ,  
r e s p e c t i v e l y .  The d i f f e r e n c e  i n  f o r c e  a n g l e s  i s  a t t r i b u t e d  t o  misalignment of t h e  
motor i n  t h e  t e s t  stand d u r i n g  each of t h e  tests,  The s i d e  f o r c e s  measured d u r i n g  
t h e  f i r i n g  o f  motor LJ-7 a r e  shown i n  F igu re  29 and t h e  r e s u l t a n t  f o r c e  a n g l e  i S  
shown i n  Figure 30, 
Motor LJ-7 was instrumented w i t h  a high-frequency p r e s s u r e  t r a n s -  
duce r  and f o u r  c r y s t a l  a c c e l e r o m e t e r s  t o  confirm the chamber-pressure f l u c t u a t i o n s  
i n d i c a t e d  d u r i n g  e a r l i e r  t e s t s ,  The chamber p r e s s u r e  remained e s s e n t i a l l y  cons t an t  
f o r  19 s e c  wi thou t  evidence of o s c i l l a t i o n s ;  a t  19  sec o s c i l l a t i o n s  o f  60 t o  63  c p s  
were r eco rded .  The o s c i l l a t i o n s  reached a maximum ampli tude o f  about 6 p s i  and 
cont inued throughout  t he  f i r i n g .  
o f  t h e  motor i n d i c a t e d  sound l e v e l s  of 148 d b  a t  100 f t  and 140 d b  200 f t  a f t  of t h e  
motor. 
A n a l y s i s  o f  d a t a  from microphones p o s i t i o n e d  a f t  
Recorded t empera tu re  d a t a  ob ta ined  from thermocouples ( F i g u r e  17) 
d u r i n g  the  f i r i n g  of motor W-7 showed t h a t  no s i g n i f i c a n t  t empera tu re  i n c r e a s e s  
occurred on e i t h e r  t h e  n o z z l e  o r  chamber d u r i n g  t h e  100 sec of t empera tu re  r eco rd ing .  
T y p i c a l  t empera tu re  r e c o r d i n g s  on t h e  n o z z l e  and t h e  chamber a r e  shown i n  F i g u r e s  31 
and 32, r e s p e c t i v e l y .  
2. I g n i t e r  Performance 
The t h r e e  i g n i t e r s  used on t h e  f u l l - s c a l e  t e s t  motors  performed 
w i t h i n  t h e  l i m i t s  e s t a b l i s h e d  d u r i n g  the  i g n i t e r  test  and q u a l i f i c a t i o n  program. 
I g n i t i o n  performance d a t a  f o r  t h e  f u l l - s c a l e  motors  i s  p r e s e n t e d  i n  F i g u r e  33. The 
i g n i t i o n  c h a r a c t e r i s t i c s  o f  motor LJ-4 ( F i g u r e  34) a r e  t y p i c a l  o f  t h o s e  of t h e  t h r e e  
motors f i r e d .  
100 m i l l i s e c  d u r i n g  each of t h e  t es t s ,  Motor L J - ~  was f i r e d  a t  s e a - l e v e l  c o n d i t i o n s :  
motors LJ-4 and -7 were i g n i t e d  a t  a Simulated a l t i t u d e  i n  e x c e s s  o f  100,000 f t .  
Seventy-f ive p e r c e n t  of f u l l  o p e r a t i n g  p r e s s u r e  was achieved w i t h i n  
Page 8 
Report 0667-01 F 
-V, A ,  Full-Scale-Motor F i r i n g s  (cant.) 
A p o s t f i r i n g  view of t h e  i g n i t e r  used i n  the  t e s t  of  motor W-4 i s  
shown i n  F igure  35; t h e  rough s u r f a c e  o f  t h e  i g n i t e r  was caused by d e t e r i o r a t i o n  of 
t h e  rubber  e x t e r n a l  i n s u l a t i o n .  
3. Nozzle Performance 
The v a r i a b l e  cant-angle  n o z z l e s  performed s a t i s f a c t o r J l y  d u r i n g  
each of t h e  t h r e e  f i r i n g s .  B a f f l e  r i n g  performance was s a t i s f a c t o r y ;  no ho t  g a s e s  
reached t h e  main O-ring s e a l .  A summary of nozz le  t h r o a t  and a f t - c l o s u r e - i n s u l a t o r  
e r o s i o n  i s  a s  f o l l o w s :  
Summarv of Nozzle Throat  and Af t -C losu re - Insu la to r  E ros ion  
Motor LJ-1 Motor LJ-4 Motor LJ-7 
Cant ang le ,  deg rees  0 14 14 
I n i t i a l  t h r o a t  d i ame te r ,  i n .  14.950 14.950 14.950 
F i n a l  t h r o a t  d i ame te r ,  i n .  15.010 14.990 15.004 
I n i t i a l  a f t - c l o s u r e - i n s u l a t o r  d i ame te r ,  i n .  18.340 18.340 18.340 
F i n a l  a f t - c l o s u r e  i n s u l a t o r  d i a m e t e r ,  i n .  18,870 19.100 19.240 
The i n i t i a l  t h r o a t  diameter  was measured t o  the  I D  of the zirconium 
ox ide  c o a t i n g  (0.030 2 .05 i n .  t h i c k ) .  No t r a c e  of the coa t ing  remained a f t e r  t h e  
f i r i n g .  The observed t h r o a t  e ros ion  i s  a t t r i b u t e d  t o  l o s s  o f  t h e  p r o t e c t i v e  zirconium 
ox ide  c o a t i n g .  
Two c i r c u m f e r e n t i a l  h a i r l i n e  c racks  occurred a t  t h e  same l o c a t i o n s  
on each of t h e  f i r e d  t h r o a t  i n s e r t s .  The c r a c k s  were approximately 3 i n .  forward of  
t h e  a f t  edge of t he  g raph ie  and near  the middle.  Ana lys i s  of t h e  c racks  d i d  no t  
i n d i c a t e  evidence of  gas  f low o r  e ros ion ;  t h e r e f o r e ,  t h e  c racks  a p p a r e n t l y  occurred  
l a t e  i n  t h e  f i r i n g  o r  were caused by t h e  p o s t f i r i n g  water  quench. 
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The R e f r a s i l - p h e n o l i c  a f t - c l o s u r e  i n s u l a t o r s  were eroded ; however, 
thermocouple d a t a  i n d i c a t e  t ha t  s u f f i c i e n t  m a t e r i a l  remained t o  p reven t  h e a t i n g  of 
t h e  metal  p a r t s .  
e r o s i o n  of t h e  a f t - c l o s u r e  i n s u l a t o r  d u r i n g  the f i rs t  15 s e c  of f i r i n g .  
p a t t e r n s  became more s e v e r e  d u r i n g  t h e  remaining 20 sec  o f  f i r i n g  f o l l o w i n g  the burn- 
i n g  o f  the r ays .  Examination of the  sec t ioned  nozzle  o f  motor LJ-1 ( F i g u r e s  36 
through 38) r evea led  t h a t  up t o  0.50 i n .  of m a t e r i a l  was eroded from t h e  e n t r a n c e  
s i d e  o f  t h e  i n s u l a t s r .  The minimum d i a m e t e r  of the  e n t r a n c e  had i n c r e a s e d  b y  0.90 i n .  
on motor LJ-7; t h e  i n c r e a s e  was l e s s  on motors LJ-1 and -4. Examination a l s o  i n d i -  
ca t ed  t h a t  c i r c u m f e r e n t i a l  g a s  f l o w  i n  t h e  nonsymmetrical  gap between the  f ixed  and 
movable p o r t i o n s  o f  t h e  n o z z l e  r e s u l t e d  i n  e r o s i o n  p o c k e t s  up t o  1.25 i n .  deep  
o p p o s i t e  t he  p r o p e l l a n t  rays .  The average e r o s i o n  on the long  s i d e s  o f  t h e  e n t r a n c e  
i n s u l a t o r s  of t h e  n o z z l e s  canted a t  14  d e g r e e s  was 0.75 i n .  
The flow o f  g a s e s  down t h e  p r o p e l l a n t  r a y s  c o n t r i b u t e d  t o  nonuniform 
These e r o s i o n  
w 
Eros ion  of  t h e  e x i t  cones was r e l a t i v e l y  uniform. E r o s i o n  was up 
t o  0.25 i n .  deep ad jacen t  t o  t h e  t h r o a t  i n s e r t  and t ape red  t o  z e r o  n e a r  t h e  m i d d l e  
of t h e  e x i t  cone. Swell ing of the  p l a s t i c  caused a r e d u c t i o n  of the  d i a m e t e r s  ove r  
the  a f t  q u a r t e r  o f  the e x i t  cone. 
4. Destruct-System Performance 
The d e s t r u c t  system of motor LJ-7 was a c t i v a t e d  90 sec a f t e r  f i r e  
s w i t c h ,  approximately 50 s e c  a f t e r  motor t a i l o f f .  The time d e l a y  was s e l e c t e d  t o  
demonstrate  t h e  c a p a b i l i t y  of the  d e s t r u c t  u n i t  t o  w i t h s t a n d  cont inued chamber w a l l  
h e a t i n g  d u r i n g  o p e r a t i o n  of an a d j a c e n t  second-stage motor w i t h o u t  b e i n g  a c t u a t e d  
prematurely.  The r e s u l t a n t  two c u t s ,  b o t h  t h e  l e n g t h  of the  shaped c h a r g e ,  a r e  
shown i n  F i g u r e s  27 and 28. Data i n d i c a t e  t h a t  t h e  d e s t r u c t  u n i t  would have 
rup tu red  a p r e s s u r i z e d  motor. 
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5 .  Base-Heat ing- Insu la t ion  Performance 
The p r o t e c t i o n  a g a i n s t  base  h e a t i n g  provided by t h e  nozz le  
i n s u l a t i n g  boot was demonstrated i n  the  f i r i n g  of motor LJ-7. 
boot ( F i g u r e  25) was blackened by s o o t ;  however, t h e  boot showed no c h a r r i n g  due t o  
exposure  du r ing  t h e  s e a - l e v e l  f i r i n g  of motor LJ-1. 
The nozz le  i n s u l a t i n g  
B. SUBSCALE-MOTOR FIRINGS 
Data f o r  p r e d i c t i n g  f u l l - s c a l e  motor o p e r a t i o n  were obta ined  i n  a s e r i e s  
of 3KS-500 s i z e  motor t e s t s .  The average p r o p e l l a n t  burning r a t e s  f o r  the ba tch-  
t es t  motors f i r e d  were: 








Average P r o p e l l a n t  Burning Ra tes  of 








C. IGNITER TESTS 
Data ob ta ined  from the  f i r i n g  of f o u r  i g n i t e r s  (SN 14 th rough 17) t o  
de t e rmine  t h e  f i n a l  i g n i t e r  c o n f i g u r a t i o n  and 14 a d d i t i o n a l  i g n i t e r s  (SN 18 
th rough 35) t o  de te rmine  the performance r e p e a t a b i l i t y  of t h e  s e l e c t e d  d e s i g n  a r e  
summarized i n  F igu re  33. 
@ 
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S i x  i g n i t e r s  were f i r e d  a t  s e a  l e v e l  and e i g h t  were t e s t ed  a t  a s imula t ed  
a l t i t u d e  o f  175,000 f t .  The i g n i t e r s  were cond i t ioned  a t  t empera tu res  of  40, 8 0 ,  and 
100'F f o r  a t  l e a s t  12 h r  p r i o r  t o  t e s t  f i r i n g .  Two o f  t h e  i g n i t e r  a s sembl i e s  were 
s u b j e c t e d  t o  random gauss i an  v i b r a t i o n s  from 40 t o  4000 c p s  and a c c e l e r a t i o n  l o a d s  
from 0 t o  10 g. A s i n g l e  s q u i b  was used i n  two tests t o  demons t r a t e  t h e  redundancy 
of a backup, o r  second, s q u i b .  Data from t h e s e  f i r i n g s  a r e  summarized i n  F igu re  33.  
The r e p e a t a b i l i t y  of i g n i t e r  performance c h a r a c t e r i s t i c s  (F igu re  3 9 )  i s  
e s s e n t i a l  t o  ensu re  s u c c e s s f u l  motor i g n i t i o n .  V a r i a t i o n s  of c o n d i t i o n i n g  tempera- 
t u r e ,  f i r i n g  a l t i t u d e ,  number o f  s q u i b s ,  and e f f e c t s  o f  v i b r a t i o n  produced o n l y  
s l i g h t  changes i n  these r e p e a t a b i l i t y  f a c t o r s .  
Data obtained from t h e  q u a l i f i c a t i o n  t e s t s  i n d i c a t e  t h a t  t h e  ave rage  
i g n i t e r  chamber p r e s s u r e  was 6960 p s i a ,  t h a t  t h e  peak i g n i t i o n  p r e s s u r e  occur red  a t  
0.034 s e c ,  and t h a t  t h e  ave rage  t o t a l  i g n i t e r  d u r a t i o n  was 0.048 s e c .  The e f f e c t s  
o f  extreme c o n d i t i o n i n g  t empera tu res  and f i r i n g  a t  s i m u l a t e d  a l t i t u d e s  a r e  shown i n  
F igu re  40. F i g u r e  41 shows an  a l t i t u d e  i g n i t e r  a f t e r  t e s t  f i r i n g .  
The i g n i t e r  t e s t  se r ies  demonstrated t h a t :  
1 .  The f i n a l  L i t t l e  J o e  I1 i g n i t e r  assembly w i l l  i g n i t e  an  Algo l  I D  
r o c k e t  motor s u c c e s s f u l l y  a t  s imu la t ed  a l t i t u d e  c o n d i t i o n s .  
2. The d u r a t i o n  of i g n i t e r  performance i s  approx ima te ly  50 m i l l i s e c  
and t h e  i g n i t i o n  i n t e r v a l  i s  approx ima te ly  70 m i l l i s e c .  
3. Temperatures from 40 t o  100'F p r i o r  t o  i g n i t i o n  W i l l  c ause  no 
s i g n i f i c a n t  v a r i a t i o n  i n  i g n i t e r  performance. 
4 .  Prelaunch and launch v i b r a t i o n s  w i l l  have no d e t r i m e n t a l  e f f e c t  
on i g n i t e r  performance. 
5. A s i n g l e  s q u i b  w i l l  i n i t i a t e  motor i g n i t i o n .  
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D. DESTRUCT TESTS 
A d e s t r u c t  u n i t  f o r  t h e  Algol I D  r o c k e t  motor was developed and s a t i s -  
f a c t o r i l y  t e s t e d  d u r i n g  t h e  program. 
shaped cha rges  a t t a c h e d  t o  t h e  motor-chamber e x t e r i o r  180 d e g r e e s  a p a r t .  Ac tua t ion  
o f  t h e  d e s t r u c t  u n i t  c u t s  t h e  chamber a long  t h e  f u l l  l e n g t h  of each of  t h e  100-in.-  
long cha rges ;  a c t u a t i o n  of  the u n i t  on a p r e s s u r i z e d  chamber i n  one t e s t  r e s u l t e d  i n  
r u p t u r e  of t h e  chamber. 
The d e s t r u c t  u n i t  c o n s i s t s  of two l i n e a r  
A t es t  program was conducted i n  f o u r  phases:  (1) t h e  d e s t r u c t  system 
c u t  w i t n e s s  p l a t e s  t o  demonst ra te  t h e  c a p a b i l i t y  of t h e  l i n e a r  shaped cha rge ;  ( 2 )  a 
t e s t  f i r i n g  of 14 d e s t r u c t  u n i t s  and a h a r n e s s  assembly was conducted t o  s i m u l a t e  
t h e  d e s t r u c t  system on a seven-motor -conf igura t ion  L i t t l e  J o e  I1 v e h i c l e ;  (3)  a 
p r e s s u r i z e d  chamber was d e s t r u c t e d ;  and (4) t h e  chamber of  motor LJ-7 was c u t  by a 
d e s t r u c t  u n i t  f o l l o w i n g  t h e  normal f i r i n g  of  t h e  motor and subsequent chamber h e a t i n g  
for  a pe r iod  equ iva len t  t o  second-stage motor o p e r a t i o n .  
The manufac tur ing  p r o c e s s e s  and l o t - a c c e p t a n c e  t e s t s  used f o r  t h e  
L i t t l e  J o e  I1 d e s t r u c t  u n i t s  were i d e n t i c a l  t o  t h o s e  used i n  the Minuteman Program. 
Four percen t  of a l l  t h e  b o o s t e r s  manufactured were t e s t - f i r e d  f o r  l o t  accep tance .  
The lOO-gr/ft Primacord was c u t  i n  100-f t - long  specimens,  and a 1-ft  specimen from 
each  end was t e s t - f i r e d  t o  de te rmine  end and s i d e  f o r c e s .  The 200-gr/ft  l i n e a r  
shaped charge  was ob ta ined  i n  14 - f t  specimens; each  was weighed f o r  load d e n s i t y  and 
r a d i o g r a p h i c a l l y  i n s p e c t e d  f o r  v o i d s  i n  t h e  e x p l o s i v e  t r a i n .  A 1 -ft  s e c t i o n  was 
removed from each 1 4 - f t  specimen of  the  l i n e a r  shaped charge f o r  t e s t  purposes .  From 
each  o f  t h e  1 - f t  specimens,  a 3-in.-long specimen was c u t  f o r  load d e t e r m i n a t i o n  and 
a 4-in.-long specimen was c u t  f o r  v e l o c i t y  and severance  t e s t i n g ,  
The 4-in.-long specimens were mounted on w i t n e s s  p l a t e s  of  AIS1 4130 
s t e e l ,  0.200 i n .  t h i c k ,  and h e a t - t r e a t e d  t o  180- t o  200-ksi u l t i m a t e  t e n s i l e  s t r e n g t h .  
Breakwire l e a d s  were a t t a c h e d  t o  the  t e s t  p l a t e s  and t h e  v e l o c i t y  o f  t h e  d e t o n a t i o n  
was measured. The average  v e l o c i t y  of d e t o n a t i o n  i n  a l l  t e s t s  was 8300 t o  8400 meters/ 
s e c .  A l l  t e s t  p l a t e s  were cu t  s a t i s f a c t o r i l y .  
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The 3-in,-long segments o f  shaped charge were weighed and t h e  RDX 
e x p l o s i v e s  were d i s s o l v e d  o u t  of t h e  tube.  
the  200-gr/ft  charge weight.  
The empty t u b e s  were reweighed t o  confirm 
1 .  Single-Motor-Conf i g u r a t i o n  Wi tness -P la t e  T e s t s  
S i x  u n i t s  were i n s t a l l e d  i n  t h e  t e s t  d e v i c e  ( F i g u r e  42) and 
i n i t i a t e d  w i t h  a Beckman-Whitley safety-arming d e v i c e .  The w i t n e s s  p l a t e s  were 
0.200-in.- thick 4130 s t e e l  t h a t  was h e a t - t r e a t e d  t o  180- t o  200-ksi  u l t i m a t e  t e n s i l e  
s t r e n g t h .  The p l a t e s  were c u t  a s  shown i n  F igu re  43. 
2 ,  D e s t r u c t  T e s t  o f  Rocket Motor 
Two d e s t r u c t  u n i t s  were bonded t o  a f i r e d  motor chamber t h a t  had 
been used i n  the  t es t  o f  motor LJ-4. The chamber was p r e s s u r i z e d  t o  450 p s i g  w i t h  
n i t r o g e n ,  and t h e  charges were i n i t i a t e d  by a Beckman-Whitley sa fe ty -a rming  d e v i c e  
a t t a c h e d  t o  one o f  the  wooden p o l e s  o f  t h e  e r e c t i n g  s t a n d .  The t e s t  was recorded b y  
high-speed motion-picture  cameras. Ac tua t ion  o f  t h e  c h a r g e s  d e s t r u c t e d  t h e  chamber; 
t h e  l a r g e s t  segment of chamber recovered was approx ima te ly  4 by 5 f t .  Examination 
o f  t h e  recovered segments i n d i c a t e d  t h a t  t h e  cha rges  had c u t  t h e  chamber t h e  f u l l  
l e n g t h  o f  the  charges.  Segments o f  t he  chamber were r ecove red  approximately 
0.25 mi les  from t h e  t e s t  s i t e .  A n a l y s i s  of t h e  mot ion -p ic tu re  f i l m  i n d i c a t e d  t h a t  
t he  forward head was no t  blown upward toward t h e  d e s i g n a t e d  l o c a t i o n  of t he  r e - e n t r y  
v e h i c l e  o f  a L i t t l e  J o e  I1 miss i le  i n  f l i g h t .  P r e f i r i n g  and p o s t f i r i n g  views of t h e  
t e s t  s e t u p  a r e  shown i n  F i g u r e s  44 and 45 ,  r e s p e c t i v e l y .  
3. Seven-Motor Conf igu ra t ion  T e s t  
A simulated seven-motor d e s t r u c t - t e s t  a p p a r a t u s  ( F i g u r e s  46 and 47) 
c o n s i s t i n g  o f  14 i n d i v i d u a l  d e s t r u c t  u n i t s  w i th  a Primacord h a r n e s s  assembly was 
a c t u a t e d  b y  a Beckman-Whitley safety-arming d e v i c e ;  a l l  1 4  d e s t r u c t  u n i t s  performed 
s a t i s f a c t o r i l y .  Twelve o f  t h e  36-in.-long w i t n e s s  p l a t e s  were s e v e r e d ;  one p l a t e  was 
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c u t  32.5 i n .  l o n g i t u d i n a l l y  ant. one p l a t e  was c u t  27 in .  l o n g i t u d i n a l l y .  The p l a t e s  
t h a t  were n o t  severed comple te ly  had been cracked on the bottom suxface .  
4 -  D e s t r u c t  T e s t  Conclusions 
The d e s t r u c t - t e s t  series demonstrated the  f o l l o w i n g :  
a .  The d e s t r u c t  u n i t  f o r  t h e  Algol I D  motor w i l l  c u t  o r  c rack  
t h e  4130 s tee l  s h e l l  o f  the  motor chamber when t h e  charge  is f i r e d  on an unpres su r i zed  
chamber. 
b. When f i r e d  on a p r e s s u r i z e d  chamber, t h e  d e s t r u c t  u n i t  w i l l  
d e s t r u c t  t h e  e n t i r e  chamber. 
c.  The Primacord h a r n e s s  assembly f o r  i n i t i a t i n g  a seven-motor- 
c o n f i g u r a t i o n  d e s t r u c t  s y s t e m  performed s a t i s f a c t o r i l y .  
E. mATHER-SEAL TESTS 
1 .  F u l l  I g n i t e r  Charge P r e s s u r i z a t i o n  
One weather s e a l  was broken by the  f i r i n g  of an i g n i t e r  i n  t h e  
free-volume i g n i t e r  t e s t  chamber. The t e s t  was recorded by a high-speed (4000 frames/ 
sec)  motion p i c t u r e  camera. A s e r i e s  of f rames  taken from t h e  f i l m  s t r i p  a r e  shown 
i n  F i g u r e  48;  remains  of  the  weather s e a l  a r e  shown i n  F i g u r e  49. The s e a l  f a i l e d  
approx ima te ly  1.5 m i l l i s e c  a f t e r  f i r e  swi t ch  a t  a p r e s s u r e  of approximate ly  100 p s i g  
a s  measured by a t r a n s d u c e r  l o c a t e d  i n  the  e x i t  cone. 
2. I g n i t e r  Booster-CharEe P r e s s u r i z a t i o n  
A second weather s e a l  was broken by t h e  f i r i n g  o f  an i g n i t e r  
b o o s t e r  charge  o f  90 gm ( a  f u l l  i g n i t e r  charge  i s  3090 gm) i n  t h e  free-volume 
i g n i t e r  t e s t  chamber. A s e r i e s  of frames t aken  from t h e  high-speed mot ion-p ic ture  
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f i l m  a r e  shown i n  F igu re  50. The s e a l  f a i l e d  approximately 2.0 m i l l i s e c  a f t e r  f i r e  
switch a t  a p r e s s u r e  of about 30 p s i g  a s  measured by a t r a n s d u c e r  l o c a t e d  i n  t h e  
ex i t  cone. 
V I .  MOTOR PROCESSING AND ASSEMBLY 
A.  MOTORS PROCESSED 
F igure  51 shows t h e  motor f a b r i c a t i o n  and p rocess ing  schedu le  f o r  t h e  
seven L i t t l e  J o e  I1 moto r s ;  t h r e e  Algo l  I D  Mod I motors were f i r e d  a t  Sacramento and 
f o u r  Algo l  I D  Mod I1 motors  were d e l i v e r e d  t o  White Sands Missile Range. 
summary f o r  t h e s e  motors i s  shown i n  F igu re  52. The d e l i v e r a b l e  motors were shipped 
wi thou t  t h e  d e s t r u c t  u n i t  o r  i g n i t e r  i n s t a l l e d .  
A weight  
B. PROCESSING OPERATIONS 
The manufacturing and p r o c e s s i n g  of t h e  Algo l  r o c k e t  motor ,  i n c l u d i n g  t h e  
s p e c i a l  t o o l s  used i n  each  o p e r a t i o n ,  PAIS ( i n t e g r a t e d  p l ann ing  numbers),  and A e r o j e t  
and Navy q u a l i t y - c o n t r o l - p l a n  s t o p  p o i n t s  a r e  shown i n  Attachment A.  F i g u r e s  53  
through 56 show t h e  motor a s sembl i e s  and envelopes.  
I n t e g r a t e d  p l ann ing  f o r  i n e r t  p a r t s  i s  based on t h e  shop p l ann ing  s h e e t  
(AGC Form 3-009-019), which s p e c i f i e s  t h e  v a r i o u s  s t e p s  i n  an o p e r a t i o n  and re fers  
t o  shop s k e t c h e s .  The i n s p e c t i o n  p l ann ing  and r e c o r d  s h e e t  (AGC Form 3-390-1A(2A) 
s i m i l a r l y  f o l l o w s  the  o p e r a t i o n .  
1 .  Chamber 
The chambers ( F i g u r e  2) a r e  f a b r i c a t e d  from 4130 s h e e t  s t e e l ,  
r o l l e d  and welded i n t o  c y l i n d r i c a l  s e c t i o n s ,  and jo ined  b y  g i r t h  welds .  The 
machined a f t  head,  spun forward head ,  forward and a f t  s k i r t s ,  and s k i r t  r i n g s  a r e  
a t t ached  by g i r t h  welds.  The forward and a f t  h a l v e s  of t h e  chamber a r e  h e a t - t r e a t e d  
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s e p a r a t e l y  t o  180,000 p s i  minimum u l t i m a t e  t e n s i l e  s t r e n g t h  in the  th in-wal led  
s e c t i o n s  and a r e  then  jo ined  by a f i n a l  g i r t h  weld. The completed chamber i s  
sub jec t ed  t o  r a d i o g r a p h i c  and magnetic p a r t i c l e  i n s p e c t i o n .  The chamber i s  then 
h y d r o s t a t i c a l l y  t e s t e d  a t  750 p s i g ,  cleaned and pa in t ed .  
2. I n s u l a t i o n  
The chamber i n s u l a t i o n  i s  i d e n t i c a l  t o  t h a t  used i n  p r e v i o u s  
Algo l  I D  motors. The i n s u l a t i o n  c o n s i s t s  of  a s b e s t o s  c l o t h  and epoxy r e s i n .  
S e c t i o n s  of c l o t h  a r e  c u t  t o  s i z e ,  impregnated, l a i d  up ,  vacuum-bagged, and cured 
i n  t h e  motor. No machining i s  requ i r ed .  
3. Re lease  Boots 
The r e l e a s e  b o o t s  a t  t h e  forward and a f t  ends  o f  t h e  chamber a r e  
i d e n t i c a l  t o  t hose  used on t h e  Algo l  I D  motor. They a r e  made of a s b e s t o s  c l o t h  
s e c t i o n s  t h a t  a r e  sewn t o g e t h e r .  P r i o r  t o  i n s t a l l a t i o n ,  t h e  boo t s  are impregnated 
w i t h  SD-723 Ta l i n e r  m a t e r i a l .  The boots a r e  p a r t i a l l y  bonded i n  p l a c e  w i t h  epoxy 
adhes ive .  W a x  i s  app l i ed  t o  t h e  r e l e a s e  s u r f a c e s  of t h e  boo t s .  
4. Chamber L ine r  
SD-723 Ta l i n e r  i s  spun i n  p l a c e  on t h e  w a l l s  of  the  b o o t - i n s u l a t e d  
chamber u n t i l  t h e  l i n e r  i s  cured.  Add i t iona l  SD-723 Ta l i n e r  is spun i n t o  the  f o r -  
ward end o f  the  chamber. The l i n e r  s y s t e m  is i d s e n t i c a l  t o  t h a t  used i n  e a r l i e r  
A l g o l  I D  motors.  
5. P r o p e l l a n t  
The p r o p e l l a n t ,  ANP-2639 AF, i s  mixed i n  accordance w i t h  s p e c i f i -  
c a t i o n  WS-1013 and c a s t  i n  an e i g h t - p o i n t  g e a r - t o o t h  c o n f i g u r a t i o n  w i t h  t h e  same 
c o r e  used i n  e a r l i e r  Algol  I D  motors. 
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6 .  S t r a i g h t  Nozzle ,  (Algol  I D  Mod 11) 
The s t r a i g h t  nozz le  ( F i g u r e  3)  supp l i ed  w i t h  a d e l i v e r a b l e  motor 
c o n s i s t s  o f  a metal  housing,  ar. i n s u l a t o r ,  and an i n s e r t .  The housing i s  welded and 
machined from AIS1 101 5-1022 s t ee l .  A l l  welds  are r a d i o g r a p h i c a l l y  i n s p e c t e d  and 
dye-checked a f t e r  machining. The i n s u l a t i o n  i s  manufactured from phenolic-impregnated 
h i g h - s i l i c a  f a b r i c  molded a t  a minimum p r e s s u r e  o f  2008 p s i  t o  a d e n s i t y  of 100 l b /  
cu f t .  The i n s e r t  i s  machined from Spee r  g r a p h i t e  875T w i t h  a minimum s p e c i f i c  
g r a v i t y  of 1.72. The i n s e r t  and i n s u l a t o r  a r e  bonded t o  the  prepared s u r f a c e  of t he  
me ta l  housing w i t h  an epoxy adhesive.  
7 .  Canted Nozzle ( A l l 0 1  I D  Mod I> 
Y 
The canted n o z z l e  assembly (F igu re  4) c o n s i s t s  o f  a f t - c l o s u r e ,  
t h r o a t  and e x i t  cone, and micrometer subassemblies .  
The a f t  c l o s u r e  c o n s i s t s  o f  t h e  m e t a l  c l o s u r e  and t h e  R e f r a s i l -  
p h e n o l i c  c l o s u r e  i n s u l a t o r .  The a f t  c lo suze  i s  rough-machined from 4130 S t e e l ,  
welded, h e a t - t r e a t e d ,  and f inal-machined.  The i n s u l a t o r  i s  assembled by bonding 
t o g e t h e r  laminated r i n g  s e c t i o n s  of  R e f r a s i i - p h e n o l i c  f a b r i c  t h a t  a r e  l a i d  up 
p e r p e n d i c u l a r  t o  the g a s  f low.  The i n s u l a t o r  i s  bonded t o  the  c l o s u r e  and t h e n  
f inal-machined.  
The t h r o a t  and ex i t - cone  subassembly c o n s i s t s  o f  a m e t a l  hous ing ,  
t h e  i n s u l a t e d  t h r o a t  i n s e r t ,  and t h e  e x i t  cone. The hous ing  i s  rough-machined from 
41 30 s t e e l ,  welded , h e a t - t r e a t e d ,  and f inal-machined.  The RVA g r a p h i t e  t h r o a t  i s  
p a r t i a l l y  machined, wrapped w i t h  R e f r a s i l - p h e n o l i c  c l o t h  i n s u l a t i o n ,  and t h e n  f i n a l -  
machined on the o u t s i d e  and bonded t o  t h e  me ta l  c l o s u r e .  The e x i t  cone i s  f a b r i c a t e d  
b y  wrapping R e f r a s i l - p h e n o l i c  c l o t h ,  c u r i n g  t h e  l a m i n a t e ,  and f ina l -mach in ing .  The 
e x i t  cone i s  then  bonded t o  t h e  t h r o a t  housing and the  assembly i s  overwrapped w i t h  
g l a s s  c loth-phenol ic  and g l a s s - f i l amen t  epoxy t o  hold t h e  e x i t  cone i n  p l a c e .  
F i n a l l y ,  t h e  i n s i d e  contour  o f  t h e  t h r o a t  is f inal-machined and the  s u r f a c e  of t h e  
g r a p h i t e  i s  coated w i t h  z i rconium oxide.  
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The micrometer subassembly i s  f a b r i c a t e d  from Type 416 s t e e l  and 
h e a t - t r e a t e d .  Each d i v i s i o n  on the  micrometer s c a l e  r e p r e s e n t s  15 min o f  nozz le  
c a n t  an gl e. 
8. I g n i t e r  Assembly 
The i g n i t e r  assembly ( F i g u r e  5) c o n s i s t s  of f o u r  main components, 
t h e  i g n i t e r  a d a p t e r ,  t h e  b o o s t e r  chamber, t h e  i g n i t e r  chamber, and t h e  squib.  
The i g n i t e r  a d a p t e r ,  f a b r i c a t e d  from 4130 s t e e l ,  c o n s i s t s  of a 
4.990-in.-dia 2 .70- in . - th ick  s t e e l  plug. The forward s i d e  of t h e  p lug  has  two 
0.75-in.-dia th readed  h o l e s  t o  r e c e i v e  t h e  i g n i t e r  squ ibs .  The forward s i d e  o f  
t h e  i g n i t e r  p lug  h a s  f o u r  0.25-in.-dia th readed  h o l e s ,  two f o r  i n s t a l l a t i o n  of 
chamber p r e s s u r e  t r a n s d u c e r s .  The boos te r  chamber i s  f a b r i c a t e d  from 4340 s t e e l  
and l i n e d  w i t h  Polytherm 4 0 s .  The i g n i t e r  chamber i s  f a b r i c a t e d  from 4340 s t e e l .  
The s q u i b  i s  manufactured by Holex, Inc. 
9. D e s t r u c t  Assembly 
a. Component Manufacture 
( 1 ) Boos te r  Explos ive  
The b o o s t e r s  used t o  i n i t i a t e  the  d e t o n a t i n g  cord a r e  
f a b r i c a t e d  i n  accordance w i t h  AGC-STD-5037 (DON). Type A ,  C l a s s  C RDX conforming 
t o  MIL-R-00398 i s  d r i e d  and loaded a t  a c o n s o l i d a t i o n  p r e s s u r e  o f  1000 p s i .  The 
b o o s t e r s  a r e  manufactured i n  s u b l o t s  of 100 u n i t s ,  and a r e  sampled and t e s t e d  
acco rd ing  t o  AX-STD-5037 (DCW) f o r  acceptance  p r i o r  t o  use or s t o r a g e .  
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(2 )  Booster  
The b o o s t e r  used t o  i n i t i a t e  t h e  200-gr/f t  l i n e a r  
shaped charge a r e  f a b r i c a t e d  pe r  AGC-STD-5036 (DOW) . Type A, C l a s s  C RDX conforming 
t o  MIL-R-00398 i s  d r i e d  and loaded a t  a c o n s o l i d a t i o n  p r e s s u r e  of 3000 p s i .  The 
b o o s t e r s  a r e  a l s o  manufactured i n  s u b l o t s  o f  100 u n i t s ,  and a r e  sampled and t e s t e d  
acco rd ing  t o  AGC-STD-5036 (IIOW) f o r  acceptance  p r i o r  t o  use o r  s t o r a g e .  
(3 )  Detonat ing  Cord 
De tona t ing  cord i s  purchased t o  S p e c i f i c a t i o n  Con t ro l  
Dwg 511604. The m a t e r i a l  h a s  a core  load ing  of  100 2 10 g r / f t  o f  Type B y  C l a s s  c RDx 
(MIL-R-00398) and i s  j acke ted  wi th  s y n t h e t i c  rubbe r  (HYCAR).  The d e t o n a t i n g  cord i s  
accepted i n  accordance w i t h  Aero j e t  Component S p e c i f i c a t i o n  54045. 
(4) Linea r  Shaped Charge 
The l i n e a r  shaped charge  m a t e r i a l  is  purchased t o  
Source Con t ro l  Dwg 511605, and A e r o j e t  Component S p e c i f i c a t i o n  54046. 
h a s  a co re  l o a d i n g  of 200 ?: 20 g r / f t  o f  Type B ,  C l a s s  C RDX (MIL-R-00398). 
The m a t e r i a l  
b. Assembly P rocedures  
(1 Detona t ing  Cord Assembly 
The d e t o n a t i n g  cord i s  cu t  t o  t h e  d e s i r e d  l e n g t h  and a 
b o o s t e r  i s  crimped t o  each end,  The c o n t a c t  between t h e  e x p l o s i v e  i n  the  b o o s t e r  
and e x p l o s i v e  i n  the d e t o n a t i n g  cord i s  confirmed by r a d i o g r a p h i c  examinat ion .  
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(2) Explosive-Connector Subassembly, PN 511624 
T h i s  explos ive-connector  subassembly i s  assembled t o  a 
t ube  adap te r  and p o t t e d  i n  accordance w i t h  A e r o j e t  Component S p e c i f i c a t i o n  51069. 
The u n i t  i s  inspec ted  t o  ensure  t h a t  the b o o s t e r  f a c e  i s  f r e e  of p o t t i n g  compound and 
t h a t  t h e  r e c e s s  of t h e  b o o s t e r  i n t o  the  tube adaptez  i s  w i t h i n  drawing l i m i t s .  
( 3 )  Explos ive  Connector Subassembly, PN 51 2665 
T h i s  exp los ive  connec tor  subassembly i s  assembled t o  a 
tube a d a p t e r  i n  a p r o t e c t i v e  cove r ing  of  hea t - shrunk tub ing  designed t o  p reven t  
damage t o  t h e  d e t o n a t i n g  cord by atmospheric c o n d i t i o n s .  A f e r r u l e  i s  t h e n  bonded 
t o  t h e  b a r e  b o o s t e r  t o  i n c r e a s e  t h e  d iameter  of  t h e  boos te r  so t h a t  i t  may be cen te red  
i n  t h e  connec tor  t h a t  mates  w i t h  t h e  l inear -shaped-charge  b o o s t e r s .  
( 4 )  L inea r  Shaped Charge 
The l i n e a r  shaped charge i s  c u t  t o  t h e  d e s i r e d  l e n g t h ,  
trimmed f l u s h  a t  t h e  e n d ,  and i n s e r t e d  i n t o  t h e  b o o s t e r ;  t h e  boos te r  i s  then  crimped 
t o  the l i n e a r  shaped charge.  Cement i s  a p p l i e d  t o  the  crimped end of t h e  b o o s t e r  t o  
e n s u r e  a p o s i t i v e  s e a l  and t h e  u n i t  is then r a d i o g r a p h i c a l l y  examined t o  v e r i f y  t h e  
c o n t a c t  between the e x p l o s i v e  i n  t h e  l i n e a r  shaped charge.  
(5) D e s t r u c t  Uni t  
The l i n e a r  shaped charge assembly i s  f i r s t  po t t ed  
i n t o  the connec tor  tube.  When t h e  p o t t i n g  m a t e r i a l  h a s  cu red ,  t h e  de tona t ing -co rd  
assembly i s  i n s e r t e d  i n  t h e  same connector and po t t ed  i n  the same manner. Con tac t  
o f  t h e  l i nea r - shaped-cha rge  b o o s t e r  and t h e  de tona t ing -co rd  b o o s t e r  i s  then v e r i f i e d  
by r a d i o g r a p h i c  examinat ion .  Adhesive i s  app l i ed  t o  the back of t h e  l i n e a r  shaped 
c h a r g e ,  and t h e  l i n e a r  shaped chazge i s  t h e n  snapped i n t o  t h e  r e t a i n e r .  Adhesive is  
then a p p l i e d  t o  t h e  i n s i d e  of t h e  d e t o n a t i n g  cord r e t a i n e r ,  and t h e  d e t o n a t i n g  cord 
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i s  snapped i n t o  p lace .  The connec tor  t u b e s  a r e  bonded i n t o  t h e  h o l d e r  and t h e  
b r a c k e t  connec tor .  When the  bond h a s  c u r e d ,  t h e  b r a c k e t  cover and ho lde r  cover  a r e  
bonded i n  p l ace .  After t h i s  bond has  c u r e d ,  i d e n t i f i c a t i o n  l a b e l s  a r e  a t t a c h e d  and 
t h e  u n i t  i s  packed i n  a sh ipp ing  c o n t a i n e r .  
V I I .  ADDITIONAL TECHNICAL EFFORT 
A .  MONTE CARLO COMPUTER BALLISTIC PERFORMANCE STUDY 
1 .  Gene r a1 
The Monte C a r l o  s tudy  c o n s i s t e d  o f  a s e r i e s  of b a l l i s t i c  eva lua-  
t i o n s  t o  de te rmine  t h e  e f f e c t s  o f  p r o p e l l a n t  v a r i a b i l i t y  on b a l l i s t i c  performance of 
Algol  I D  motors f o r  t h e  L i t t l e  J o e  I1 Program. To de termine  t h e  performance v a r i a -  
t i o n s ,  v a l u e s  of  s e l e c t e d  p r o p e l l a n t  b a l l i s t i c  p r o p e r t i e s  were sampled randomly from 
a normally d i s t r i b u t e d  popu la t ion  o f  known mean and s t anda rd  d e v i a t i o n .  One hundred 
b a l l i s t i c  e v a l u a t i o n s  of the  randomly sampled p r o p e r t i e s  were made and performance 
cu rves  were p l o t t e d .  
2. Program Discuss ion  
The mathematical  model used f o r  t h e  Monte C a r l o  s tudy  c o n s i s t s  of 
A e r o j e t  Computer Program 1103 program d e c k  and t h e  i n p u t  d e s c r i p t i o n  o f  t h e  Algol  I D  
motor t o  p rov ide  an adequate  s i m u l a t i o n  o f  motor LJ-4 .  T h i s  model was s e l e c t e d  
because i t  provided t h e  b e s t  p o s s i b l e  p r e d i c t i o n  o f  the  b a l l i s t i c  behavior  of t he  
L i t t l e  Joe  I1 motors. 
The c h a r a c t e r i s t i c s  below were s u b j e c t e d  t o  zandom v a r i a t i o n  f o r  
t h e  Monte Car lo  Program. The s t anda rd  d e v i a t i o n s  were computed from t h e  100 v a l u e s  
o f  t h e s e  c h a r a c t e r i s t i c s  used f o r  t h e  program. 
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C h a r a c t e r i s t i c  M-an Value Range S t and ard D e v i a  t i o n  
D e n s i t y ,  p 0.06034 0.06014 t o  0.06054 0.0000670 
Mass-flow c o e f f i c i e n t ,  C 0.006600 0.006255 t o  0.006945 0.0001 17 
Burning- ra te  c o n s t a n t ,  C 0.08503 0.08033 t o  0.09000 0.001 546 
Throa t  a r e a ,  
W 
175.33 175.00 t o  175.66 0.0320 At 
These c h a r a c t e r i s t i c s  were s e l e c t e d  f o r  v a r i a t i o n  i r ,  the  Monte 
C a r l o  program because  they produce t h e  on ly  s i g n i f i c a n t  v a r i a t i o n s  i n  motor-to-motor 
performance. O f  t h e s e  v a r i a b l e s  bu rn ing - ra t e  changes produce t h e  g r s a t e s t  perform- 
ance v a r i a t i o n s .  
The range  of  v a l u e s  f o r  the  b u r n i n g - r a t e  c o n s t a n t  (0.08933 t o  
0.09000) was taken  from t h e  p r o p e l l a n t  s p e c i f i c a t i o n ,  WS-1013, which s p e c i f i e s  
b u r n i n g - r a t e  l i m i t s  of 0.223 t o  0.265 in. /sec.  
conve r t  t h e  burn ing  r a t e ,  r ,  t o  t h e  bu rn ing - ra t e  cons t an t  C ,  which i s  used i n  t h e  
computer program. The a c t u a l  l i m i t s  f o r  t h e  bu rn ing  r a t e  among the seven L i t t l e  J o e  11 
motors produced were 0.245 t o  0.256 in . /sec.  These a c t u a l  l i m i t s  a r e  e q u i v a l e n t  t o  a 
bu rn ing - ra t e -cons t an t  range of 0.0833 t3 0.0870, which i s  a nsz~owes r ange  o f  burn ing  
r a t e s  t h a n  allowed by t h e  p r o p e l l a n t  s p e c i f i c a t i o n  and used i n  t h i s  Monte Car lo  
program. T h i s  motor-burning v a r i a t i o n  i s  expla ined  by t h e  number of b a t c h e s  o f  
p r o p e l l a n t  i n  a batch-mixed r o c k e t  motor. The burning r a t e s  o f  the  10 b a t c h e s  of 
p r o p e l l a n t  may va ry  w i t h i n  t h e  l i m i t s  allowed by the p r o p e l l a n t  s p e c i f i c a t i o n .  
However, t h e  ave rage  bu rn ing  r a t e  of  the 10 b a t c h e s  is used f o r  the p r e d i c t i o n  of 
motor performance. 
The r e l a t i o n s h i p  y =  CPn is  used t o  
The range o f  v a l u e s  for the  d e n s i t y  (0.06014 t o  0.06054 Ib/cu in . )  
was t a k e n  from t h e  p r o p e l l a n t  s p e c i f i c a t i o n .  The a c t u a l  l i m i t s  f o r  the  d e n s i t y  of 
p r o p e l l a n t  among the  seven L i t t l e  .Joe I1 motors produced were 0.06930 t o  0.06037 l b /  
cu i n .  Again,  t h e  a c t u a l  motors  produced cover a much nilrzower band of  v a l u e s  than 
t h a t  p e r m i t t c d  by t h e  s p e c i f i c a t i o n .  A s  wi th  bu rn ing  r a t e ,  t h e  motor p r o p e l l a n t  
d e n s i t y  used f o r  performance p r e d i c t i o n s  is an average of the  d e n s i t i e s  of t h e  
10 b a t c h e s  of p r o p e l l a n t  i n  the  motor. 
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The range of v a l u e s  f o r  t h e  n o z z l e  t h r o a t  a r e a  was taken  from 
a c t u a l  measurements o f  nozz le  t h r o a t s  t h a t  were used on Algo l  I D  motors t h a t  were 
f i r e d .  The range of v a l u e s  f o r  t he  mass-flow c o e f f i c i e n t  was taken  from d a t a  on 
f i r e d  Algol  I D  motors. 
The random normally d i s t r i b u t e d  samples  f o r  t h e  program were 
genera ted  by a computer program t h a t  combines t h e  method of congruences and t h e  
c e n t r a l  l i m i t  thereom. The 100 v a l u e s  gene ra t ed  f o r  t h e  L i t t l e  J o e  I1 Monte C a r l o  
Program a r e  l i s t e d  i n  F igu re  57. 
The s t anda rd  d e v i a t i o n s  a r e  based on b a t c h  v a r i a t i o n s ,  and t h e r e -  
f o r e  t h e y  d e s c r i b e  the  v a r i a b i l i t y  t h a t  would be  expec ted  i f  each motor were c a s t  
w i t h  one ba tch .  However, s i n c e  each Algol  motor r e q u i r e s  10 b a t c h e s  of  p r o p e l l a n t ,  
t h e  s t anda rd  d e v i a t i o n  f o r  each  v a l u e  tarn) should be 
where OB i s  the ba tch  s t anda rd  d e v i a t i o n  l i s t e d  i n  t h e  c h a r t  above. 
p o s s i b l e  t h a t  ad jacent  ba t ches  w i l l  be more n e a r l y  a l i k e  t h a n  b a t c h e s  c a s t  a t  w ide ly  
spaced i n t e r v a l s ,  t h e r e  i s  p robab ly  a b i a s  t end ing  t o  i n c r e a s e  the  v a l u e  of Om. 
T h e r e f o r e ,  t h e  t r u e  va lue  o f  s t anda rd  d e v i a t i o n  f a l l s  somewhere between t h e  ba t ch  
s tandard  d e v i a t i o n  and Om c a l c u l a t e d  by t h e  above e q u a t i o n .  
Because i t  i s  
The performance cu rves  f o r  t h e  100 s imula ted  motor f i r i n g s  a t  
70°F a r e  p l o t t e d  i n  F i g u r e s  58 through 60. The nominal cu rves  f o r  50, 70,  and 90°F 
a r e  shown i n  F i g u r e s  61 and 62. The three-s igma bands o f  t h r u s t  and p r e s s u r e  a t  
s e a  l e v e l  and a l t i t u d e  c o n d i t i o n s  a r e  shown i n  F i g u r e s  6 3  and 64 ,  r e s p e c t i v e l y .  The 
nominal t h r u s t  a t  10 ,000-f t  a l t i t u d e  inc remen t s  from 10,000 t o  100,000 f t  i s  shown 
i n  F igu re  65. 
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From t h e  pzecid2r.g d i s c - s s i o n  it car, 3=. : x~cLuded  t h a t  t h e  d i s p e r -  
s i o n  observed i n  t h e  Monte Car lo  f u n s  Is g r r?? t iZ  4h?‘3 ;an be ?xp--.et?d i n  acttnal 
f i r i n g s  and r e p r e s e n t s  an extzpmo i i m i t .  
f a c t o r s ,  the i r  mean v a l u e s ,  and th? iz  s tandard  d o v L 5 t ~ o n s .  
Bellow is 3 L i s t :  of s i g n i f i c a n t  b a 9 1 i s t f c  
3-aI-I733-_‘cl I?rlv.lat ion 
=--- n_.i--- 
C h a r a c t e ? r i s t i c  Moan Val~.. 
I n i t i a l  p r a s s u r e ,  p s i  473.1C 12.56 
Maximum p r e s s u r e ,  p s i  484 90 10.75 
Maximum t h r u s t ,  3bf 123,030 31 75.3 
Dura t ion  , sec 34.41 3 , 6 7 6  
The perform-mce C U ~ V ~ S  p i o t t e d  ID F i g c z s  58 throxgh 60 show one 
cu rve  t h a t  is  cons ide rab ly  h ighe r  t h a n  the o t h e r s .  T h i s  p a r t i c u l a r  sun  is case  31, 
w i t h  an unusua l ly  h igh  busn ing- ra t e  cons tan t  of O.OS3474. The four f a c t o r s  c i t e d  
i n  t h e  above t a b l e  have the  f o l l o w i n g  va lues  fo r  thLs  c u ~ v e :  512.803 p s i ,  
525,745 p s i ,  134,643 l b f ,  and 32 sec, These ‘cial~.es BIF OD+ w i t h i n  three-s igma 
s t anda rd  d e v i a t i o n s  of t h e  mean value;  h o e v c r ,  + h i s  IS t he  on:y case t h & t  is no t  
w i t h i n  the  three-s igma band. 
According t o  s t a + i s t i c a l  t h e x y ,  G9% o f  - Y ~ E S  should be b;.tween 
p l u s  and minus t h r e e  sigma. Thus,  i t  i s  n o t  Linsrpzc::? :h%t O R =  7 8 3 7  stit of one 
hundred would f a l l .  o u t s i d e  t h i s  range. The p r o b a b i l i t y  t h a t  on: f l - .ang o u t  of 
100 would pzoduce a curve t h i s  fa,- fzom t h e  mean -ti 9.168. 
used a s  i n p u t  and t h e  f o u r  f a c t o r s  s e l e c t e d  t o  t.vdLl*%fo +hr. ccs .+~- ts ,  The fo2lowing  
t a b l e  l ists  t h e  f o u r  o u t p u t  f a c t o z s  v e z t i c a l l y .  t h e  f z x  l n p l ~ t  :hacac te : i s t ics  h o r i -  
z o n t a l l y ,  and t h e  sqJaro of t h e  c o r r 2 l a t i o n  coe f f iL%ant  in t h ?  s p d z e s .  T h i s  v a l u e  
r e p r e s e n t s  t h e  f r a c t i m  of  t h e  d i s p E z s i m  of e a c h  :-lsult.ix?g f az to r :  t h a t  i s  a t t r i b u t -  
a b l e  t o  each i n o u t  c h a r a c t e r i s t i c .  For examp:?> Jn tho fi:.st Lane, 99.37% of t h e  
d i s p e r s i o n  i n  i n i t i a l  p r e s s u r e  i s  caused b y  v a r i a t i o n s  in t hP  5L:nFng-rate c o n s t a n t  C. 
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T o t a l  -At -P - cW - C - 
0.9937 0.0068 0.0086 0.0001 1.0092 
0.9900 0.0066 0.0077 0.0001 1.0044 
0.9908 0.0001 0.0084 0 0 e 9993 
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I t  i s  ev iden t  t h a t  t h e  bu rn ing - ra t e  c o n s t a n t  C i s  t h e  o n l y  v a l u e  
t h a t  s i g n i f i c a n t l y  a f f e c t s  t h e  p r e s s u r e ,  t h r u s t ,  and d u r a t i o n .  The s q u a r e s  o f  t h e  
c o r r e l a t i o n  c o e f f i c i e n t s  f o r  d u r a t i o n  a r e  l e s s  than  one because t h e  d e f i n i t i o n  of 
burn ing  t i m e  is  i n e x a c t .  A more c a r e f u l  d e f i n i t i o n  o f  bu rn ing  time w i l l  g ive  a more 
s a t i s f a c t o r y  c o r r e l a t i o n .  
3. Conclusions 
(a )  The s t a n d a r d  d e v i a t i o n s  of  t he  t h r u s t ,  p r e s s u r e ,  and d u r a t i o n  
a s  c a l c u l a t e d  from t h e  Monte C a r l o  r u n s  a r e  undoubtedly h ighe r  than  would be expected 
from a se r ies  o f  100 a c t u a l  motor f i r i n g s  because o f  the 10-batch f a c t o r  d i s c u s s e d  
above. T h e r e f o r e ,  the s t anda rd  d e v i a t i o n  o f  about  2% i s  perhaps  h igh .  
(b) The Monte C a r l o  technique  r e p r e s e n t s  t h e  b e s t  method p r e s e n t l y  
known f o r  a s s e s s i n g  t h e  e f f e c t s  o f  v a r i a b i l i t y  i n  t h e  components o f  a s o l i d - r o c k e t  
motor.  The performance e v a l u a t i o n s  r e s u l t i n g  from t h i s  s t u d y  g i v e  a p r e d i c t i o n  of 
t h e  behavior  of  100 randomly sampled Algo l  I D  motors  produced w i t h i n  t h e  s p e c i f i c a -  
t i o n  l i m i t s  no ted .  However, t h e  seven L i t t l e  Joe I1 motors  produced were w i t h i n  a 
much narrower range  of d e n s i t y  and bu rn ing - ra t e  v a l u e s  than  allowed by s p e c i f i c a t i o n .  
( c )  I n d i v i d u a l  motor p r e d i c t i o n s  should be used f o r  p l ann ing  
v e h i c l e  performance. Such p r e d i c t i o n s  a r e  based on nominal performance and modified 
by t h e  average  burning r a t e  of t h e  p r o p e l l a n t  i n  t h e  i n d i v i d u a l  motor.  The v a l i d i t y  
of t h e  p r e d i c t i o n  sys t em h a s  been demonstrated b y  t h e  f i r i n g  of  motor LJ-7 and t h e  
f i rs t  L i t t l e  Joe  I1 v e h i c l e  a t  White Sands.  
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B. ENVIRONMENTAL TEMPERATURE GRADIENf STUDY 
The temperature  g r a d i e n t s  ac ross  t h e  g ra in  of the  motor, when exposed t o  
hot  or cold temperature extremes, were computed. The environmental  cond i t ions  
considered were t h e  Sacramento, C a l i f o r n i a  summer and t h e  E l  Paso, Texas win ter .  
For a t y p i c a l  Sacramento summer day,  the ambient temperature was va r i ed  according t o  
the  fo l lowing  schedule:  
Time 
6 a.m. 
1 2  p.m. 
6 p.m. 
12  a.m. 
6 a.m. 






For a t y p i c a l  E l  Paso day ,  the  ambient temperatures  were var ied  according t o  t he  
fo l lowing  schedule:  
Time -
6 a.m. 










The i n i t i a l  condi t ion ing  temperature  was 70°F f o r  both cases .  
10 mph was assumed, and the  motor was not  exposed t o  d i r e c t  sun l igh t .  The r e s u l t s  
of t h i s  s tudy a r e  shown i n  F igu res  66 and 67. 
A wind v e l o c i t y  of 
Page 27 
Report 0667-01F 
V I I I .  RELIABILITY AND QUALITY CXMI"I'0L 
A. RELIABILITY 
1. I g n i t e r  I n i t i a t o r  Development and T e s t  Program 
To p rov ide  t h e  n e c e s s a r y  i n i t i a t o r s  f o r  t h e  L i t t l e  J o e  I1 program, 
a l o t  o f  200 i n i t i a t o r s  o f  t h e  s e l e c t e d  d e s i g n  were f a b r i c a t e d  b y  a vendor (Holex, Inc . ) ,  
From t h e  p r o d u c t i o n  l o t  o f  200 u n i t s ,  100 u n i t s  were randomly s e l e c t e d  f o r  q u a l i f i c a -  
t i o n  t e s t i n g .  These t es t s  were conducted a t  t he  vendor f a c i l i t y  under t h e  cognizance 
of a r e s i d e n t  A e r o j e t  r e p r e s e n t a t i v e .  
All of the  t es t s  were s u c c e s s f u l l y  completed and t h e  r e q u i r e d  
r e l i a b i l i t y  was demons,trated. 
a. S u c c e s s f u l  100 
b. F a i l u r e s  0 
c .  Observed r e l i a b i l i t y  100% 
d .  Demonstrated r e l i a b i l i t y  98.7% a t  t h e  90% 
conf idence  l e v e l  
2. I g n i t e r  T e s t  Program 
Fourteen i g n i t e r s  were f i r e d  t o  de t e rmine  performance r e p e a t a b i l i t y  
of t h e  s e l e c t e d  i g n i t e r  d e s i g n ,  and f o u r  development u n i t s  were added the  t o t a l  
because they were e s s e n t i a l l y  t h e  same a s  t h e  f i n a l  s e l e c t e d  d e s i g n  and produced 
s i m i l a r  r e s u l t s ,  
Three f u l l - s c a l e  motors were s t a t i c a l l y  f i r e d  and one was f l i g h t -  
t e s t e d  w i t h  an i g n i t e r  of t h e  f i n a l  c o n f i g u r a t i o n .  
Ind ica t ed  r e l i a b i l i t y  f o r  t he  L i t t l e  J o e  i g n i t e r  i s  determined 
from t h e  s u c c e s s - f a i l u r e  h i s t o r y  as f o l l o w s :  
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.VIII, A ,  R e l i a b i l i t y  ( c o n t . )  
a. Development (4)  and Q u a l i f i c a t i o n  (14) 
( Free-Volume Tes t s )  
(1 )  S u c c e s s f u l  1 8  
(2) F a i l u r e s  0 
(3 )  Observed r e l i a b i l i t y  100% 
(4) Demonstrated r e l i a b i l i t y  88.0% a t  the  90% 
conf idence  l e v e l  
b. Motor S t a t i c  T e s t s  
(1  ) Success fu l  3 
(2) F a i l u r e s  0 
( 3) Observed r e l i a b i l i t y  100% 
(4)  Demonstrated r e l i a b i l i t y  46.4% a t  t h e  90% 
conf idence  l e v e l  
c. F l i g h t  T e s t s  
(1) Success fu l  1 
(2) F a i l u r e s  0 
(3 )  Observed r e l i a b i l i t y  100% 
(4) Demonstrated r e l i a b i l i t y  1070 a t  t h e  90% 
conf idence  l e v e l  
d .  T o t a l  T e s t s  
( 1 )  S u c c e s s f u l  22 
(2) F a i l u r e s  0 
( 3 )  Observed r e l i a b i l i t y  100% 
(4 )  Demonstrated r e l i a b i l i t y  90.1% a t  the 90% 
conf idence  l e v e l  
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3. Des t ruc t  Uni t  
The d e s t r u c t  u n i t  (Aero je t  PN 369410) f o r  t h e  L i t t l e  Joe  I1 motor 
was designed on t h e  b a s i s  o f  exper ience  gained i n  t h e  Minuteman Motor Development 
Program. A l l  of t he  e x p l o s i v e  components used i n  t h e  d e s t r u c t  u n i t ,  except  fox t h e  
safety-arming dev ice ,  have been used on Minuteman motors  and have a demonstrated 
minimum r e l i a b i l i t y  of 0.995 a t  a 95% conf idence  l e v e l .  
4.  Motor H i s t o r y  
Twenty Algol  I and Sen io r  (33KS-120,000 s i z e )  motors  were p r e v i o u s l y  
f i r e d ;  one of t h e s e  was excluded from r e l i a b i l i t y  computat ions.  
excluded because t h e  guidance  s y s t e m  malfunct ioned a t  T + 26 s e c .  
Missile S N  D 8  was 
Ind ica t ed  r e l i a b i l i t y  f o r  t h e  Algo l  I and Sen io r  motors  i s  a s  
f o l l o w s  : 
a .  S u c c e s s f u l  
b. F a i l u r e s  
c.  Observed r e l i a b i l i t y  




89.1% a t  t h e  90% 
conf idence  l e v e l  
5. Ind ica t ed  R e l i a b i l i t y  
Three L i t t l e  Joe motors  have been f i r e d ,  a t  A e r o j e t  Sacramento and 
one f l i g h t - t e s t  was conducted a t  White Sands.  
Ind ica t ed  r e l i a b i l i t y  f o r  t h e  motors  manufactured f o r  t h i s  program 
is  determined from t h e  s u c c e s s - f a i l u r e  h i s t o r y  on t h e  f o u r  u n i t s  t e s t e d .  
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V I I I ,  A ,  R e l i a b i l i t y  (cont . )  
a. T o t a l  U n i t s  Tes ted  
( 1  ) Success fu l  
(2) F a i l u r e s  
4 
0 
(3) Observed r e l i a b i l i t y  1 ow0 
(4) Demonstrated r e l i a b i l i t y  56.2% a t  t h e  90% 
conf idence  l e v e l  
6. P r e d i c t e d  R e l i a b i l i t y  
The p r e d i c t e d  r e l i a b i l i t y  f o r  t h e  t h r e e  u n f i r e d  motors w i l l  n o t  be 
degrada ted  s i n c e  no major n o n d e s t r u c t i v e - t e s t  d i s c r e p a n c i e s  were d i scove red  on t h e s e  
mot o r  s . 
B. QUALITY OONI?ROL 
The q u a l i t y - c o n t r o l  program e s t a b l i s h e d  f o r  t h e  L i t t l e  J o e  I1 motors was 
i n  accordance  w i t h  Document NPC 200-2 a s  amended. P r i o r  t o  i n c e p t i o n  o f  t h e  program, 
t h e  e x i s t i n g  q u a l i t y - c o n t r o l  program and t h e  r equ i r emen t s  of NPC 200-2 were compared, 
The r equ i r emen t s  of  the  two programs were found t o  be b a s i c a l l y  i n  agreement. How- 
e v e r ,  t o  e n a b l e  m a x i m u m  u s e  of  A e r o j e t  expe r i ence  and p rocedures  e s t a b l i s h e d  f o r  
compliance w i t h  o t h e r  government q u a l i t y - c o n t r o l  s p e c i f i c a t i o n s ,  s p e c i f i c  e x c e p t i o n s  
t o  NPC 200-2 were reques t ed  and granted by NASA. 
changes made t o  NPC 200-2 w i t h  t h e  number preceding  each paragraph  r e f e r r i n g  t o  t h a t  
The f o l l o w i n g  is  a l ist  of t h e  
of NPC 200-2. 
2.2.1 T h i s  s e c t i o n  r e q u i r i n g  Q u a l i f i c a t i o n  S t a t u s  L i s t  , End-Item T e s t  
P l an ,  :and End-Item T e s t  and I n s p e c t i o n  P rocedures  h a s  been d e l e t e d .  
2.2.2 The r equ i r emen t s  f o r  Repor t s  of S p e c i a l  Measuring and T e s t  
Equipment E v a l u a t i o n s  and S t o r a g e  P rocedures  f o r  End I tems a r e  d e l e t e d .  
2.2.3 Monthly and Q u a r t e r l y  Q u a l i t y  Repor t s  requi rements  of t h i s  
s e c t i o n  are d e l e t e d .  
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VIII, B ,  Q u a l i t y  Con t ro l  ( con t . )  
3.1 . Id  T h i s  s e c t i o n  i s  amended t o  r ead :  "Qual i ty  C o n t r o l  and Top 
Management O r g a n i z a t i o n a l  Charts ."  
3.1.1 The pa rag raph ,  concerning q u a l i t y  program p l a n s  i s  changed from 
"Further  d e t a i l s ,  i n c l u d i n g  changes and a d d i t i o n s  s h a l l  be submit ted a s  prepared and 
two weeks p r i o r  t o  t h e i r  implementat ion,"  t o :  "Further  d e t a i l s ,  i n c l u d i n g  changes and 
a d d i t i o n s  s h a l l  be submitted." 
4.2.1 The second pa rag raph  of t h e  s e c t i o n  r e q u i r i n g  documentation of 
d e s i g n  r ev iews  i s  de le t ed .  
4.3.5 T h i s  s e c t i o n  i s  d e l e t e d .  
5 .3 . ld  Paragraph ( 1 )  of t h i s  s e c t i o n  r e q u i r i n g  major s u b c o n t r a c t o r s  t o  
f o l l o w  NPC 200-2 i s  d e l e t e d .  
7.4.2.1 T h i s  s e c t i o n  i s  d e l e t e d .  
7.4.2.2 The s e n t e n c e  r e a d i n g ,  " D e t a i l e d  end-items t e s t  and i n s p e c t i o n  
p rocedures ,  documented p e r  Paragraph 7.3.1 s h a l l  be submit ted for approval  p r i o r  t o  
beginning t h e i r  tes ts  and i n s p e c t i o n s , "  o f  t h i s  s e c t i o n  i s  d e l e t e d .  
9.4 The l a s t  pa rag raph  of t h i s  s e c t i o n ,  T e s t  and I n s p e c t i o n  Equipment 
E v a l u a t i o n  Repor t ,  i s  d e l e t e d .  
9.7 The l a s t  s e n t e n c e  of t h i s  s e c t i o n  r e q u i r i n g  v a r i a b l e s  d a t a  on 
gage wear i s  d e l e t e d ,  
11.5 The second paragraph of t h i s  s e c t i o n  r e q u i r i n g  temporary s t o r a g e  
p rocedures  i s  d e l e t e d .  
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*WII, B, Q u a l i t y  Con t ro l  ( con t . )  
14.2.1 The Monthly Q u a l i t y  S t a t u s  Report  requi rement  of t h i s  s e c t i o n  i s  
d e l e t e d .  
14.2.4 The N a r r a t i v e  End-Item Repor t  requi rement  of t h i s  s e c t i o n  w i l l  be 
changed t o  a Motor Log Book. BuWepsResRep w i l l  recommend c o n t e n t s .  
14.2.5 The O p e r a t i o n a l  Data requirement of t h i s  s e c t i o n  i s  d e l e t e d .  
15.2 The l a s t  s e n t e n c e  of t h i s  s e c t i o n  r e q u i r i n g  q u a r t e r l y  summary 
r e p o r t s  i s  de le ted .  
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I X  . GROUND SUPPORT EQUIPMENT 
A.  ITEMS OF EQUIPMENT 
Eleven items o f  ground suppor t  equipment (GSE) were d e l i v e r e d  t o  NASA, 
WSMR, f o r  NASA Con t rac t  9-456. A t o t a l  of 1 7  p i e c e s  of GSE were inc luded  i n  t h e  
11 -item d e l i v e r y  a s  f o l l o w s :  
I TEM -
T r a i l e r ,  Rocket Motor, Transpor t  
and E r e c t o r  
Do l ly ,  Rocket Motor, S t o r a g e  
Ring S e t ,  Rocket Motor, Handling 
Plug,  Nozzle, Rocket Motor 
I n s t a l l i n g  Tool,  Rocket Motor, 
I g n i t e r  
Borescope, Rocket Motor 
S e m i t r a i l e r ,  Rocket Motor 
( I n c l u d e s  C r a d l e s ,  Transport)  
E l e c t r i c  Graph Line  Temperature 
Recorder (Marshalltown Mfg Co.) 
Ring, Hand1 i n  g 
Beam, L i f t i n g ,  Rocket Motor 
( I n c l u d e s  A u x i l i a r y  Cont ro l  Hoist)  
S l i n g ,  Beam Type, Rocket Motor 



























1 .  Rocket-Motor S e m i t r a i l e r  (PN 36851 5-9) 
The rocket-motor s e m i t r a i l e r  ( F i g u r e  68) i s  a s t anda rd  two-axle ,  
f l a t b e d  s e m i t r a i l e r  modified f o r  t h e  s p e c i a l  purpose  of t r a n s p o r t i n g  one o r  two Algol  
r o c k e t  motors.  The f l o o r i n g  and s t r u c t u r a l  members of  t h e  t r a i l e r  bed a r e  d r i l l e d  
and tapped t o  r e c e i v e  t h e  t r a n s p o r t  c r a d l e s ,  which suppor t  t h e  r o c k e t  motors i n  a 
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' I X ,  B, D e s c r i p t i o n  (cont . )  
h o r i z o n t a l  p o s i t i o n  d u r i n g  shipment.  The t r a i l e r  t o p  (F igu re  691, des igned  f o r  
qu ick  removal or i n s t a l l a t i o n ,  con ta ins  t h e  h e a t i n g  u n i t  and d u c t s  and t h e  temper- 
a t u r e  r eco rde r .  P r i n c i p a l  dimensions a r e  shown i n  F i g u r e  70. 
Environmental  cond i t ions  a re  main ta ined  d u r i n g  motor shipment by 
t h e  t ra i ler  top t h a t  is aluminum l i n e d  with 3- in . - th ick  thermal  i n s u l a t i o n .  A 
60,000 Btu/hr h e a t e r  and hea t -duc t ing  system m a i n t a i n s  a minimum tempera tu re  of 75'F. 
Access  to t h e  r o c k e t  motors is  provided by a n  access door a t  each end of t h e  t r a i l e r  
top. A l a d d e r  a t  each end of t h e  t r a i l e r  top p rov ides  a c c e s s  t o  t h e  roof  t o  connect  
t h e  l i f t i n g  beam. The h e a t i n g  u n i t ,  b a t t e r y  c a s e ,  SO-gal f u e l  t ank ,  e l e c t r i c  f u e l  
pump, and two CO f i r e  e x t i n g u i s h e r s  (F igu re  71) are  mounted o u t s i d e  t h e  forward 
bulkhead of t h e  t r a i l e r  top. The top is  secu red  t o  t h e  t r a i l e r  wi th  t w o  t o g g l e  l o c k s  
a t  each end and t h r e e  l o c k i n g  p i n s  on each s i d e .  
2 
2. Rocket-Motor L i f t i n g  Beam. PN 368593-9 ( Inc ludes  A u x i l i a r v  Con t ro l  
H o i s t ,  PN 363147) 
The rocket-motor  l i f t i n g  beam ( F i g u r e  72) is  r e q u i r e d  fo r  l i f t i n g  
t h e  Algo l  r o c k e t  motors i n  a h o r i z o n t a l  p o s i t i o n  and f o r  i n s t a l l i n g  and removing t h e  
t r a i l e r  t o p  from t h e  rocket-motor semitrailer. The beam c o n s i s t s  of a s p r e a d e r  b a r  
made of S-in.-dia pipe wi th  t o p  and bottom l u g s  on each to hold t h e  cable  ends and 
rocket-motor  l i f t i n g  l i n k s .  Two 204-in.-long cables,  jo ined  by c l e v i s e s  t o  a 
t r i a n g u l a r  c r a n e  l i n k ,  suppor t  t h e  rocket-motor l i f t i n g  beam from each end. The 
welded l u g s  on t h e  bottom of t h e  spreader  bar have h o l e s  d r i l l e d  on c e n t e r s  314 in. 
a p a r t ,  t h e  exact l e n g t h  of t h e  c e n t e r s  o f  t h e  hand l ing  r i n g s  (PN 360690-3); t h e r e f o r e ,  
t h e  r o c k e t  motor may be picked up  from a s i n g l e  p o i n t  wi thout  adding  stress to  t h e  
chamber. 
The a u x i l i a r y  c o n t r o l  h o i s t  (F igu re  73) provides  f i n e  e l e v a t i o n  
c o n t r o l  i n  increments  a s  small as 0.001 i n .  i n  e i t h e r  d i r e c t i o n  ove r  a range  of  12 i n .  
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I X ,  B ,  D e s c r i p t i o n  ( c o n t . )  
A d i a l  i n d i c a t o r  gage i n d i c a t e s  t h e  f o r c e  app l i ed  t o  t h e  c o n t r o l  h o i s t  i n  u n i t s  of 
200 l b  up  t o  t h e  f u l l  c a p a c i t y  of t h e  u n i t  w i t h  an accuracy  of  2 0.5% of f u l l - s c a l e  
range.  A gage i n d i c a t e s  p r e s s u r e  i n  t h e  accumula tor  i n  pounds of l i f t i n g  f o r c e  
( p l u n g e r - r e t u r n  f o r c e ) .  When not  i n  u s e ,  the  h o i s t  i s  s t o r e d  i n  a c a s t e r e d ,  u p r i g h t  
s t o r a g e  s t and  and covered w i t h  a f a b r i c  cover. 
3.  Rocket-Motor Transpor t  and E r e c t o r  T r a i l e r  (PN 368549-9)  
The rocket-motor t r a n s p o r t  and e r e c t o r  t r a i l e r  ( F i g u r e  74) i s  a 
t h r e e - a x l e  p u l l  t r a i l e r  des igned  to  t r a n s p o r t  Algol r o c k e t  motors from t h e  assembly 
o r  s t o r a g e  a r e a s  t o  t h e  m i s s i l e  assembly s i t e ,  and t o  suppor t  t h e  motor d u r i n g  t h e  
v e r t i c a l - e r e c t i o n  o p e r a t i o n .  
P r i n c i p a l  dimensions a r e  shown i n  F i g u r e  75. C r a d l e s ,  l o c a t e d  a t  
t h e  f o r e  and a f t  ends of t h e  t r a i l e r ,  suppor t  t h e  rocke t  motor i n  t h e  h o r i z o n t a l  
p o s i t i o n .  I n  a d d i t i o n ,  t h e  a f t  c r a d l e  p i v o t s  t o  p rov ide  lower suppor t  a s  t h e  r o c k e t  
motor is e r e c t e d .  A l o c k  i s  provided t o  s e c u r e  t h e  a f t  c r a d l e  when i n  e i t h e r  t h e  
h o r i z o n t a l  o r  v e r t i c a l  p o s i t i o n .  The f r o n t  of t h e  rocke t  i s  secured  t o  t h e  t r a i l e r  
by tu rnbuck les  a t t ached  t o  t h e  forward  hand l ing  r i n g .  The r e a r  of t h e  motor i s  
secu red  t o  t h e  t r a i l e r  a t  t h e  a f t  c r a d l e  by a s t r a p .  
A t o o l  box i s  l o c a t e d  i n s i d e  t h e  l e f t  s i d e  of t h e  f rame t o  s t o r e  
t h e  e l e c t r o s t a t i c  d i s c h a r g e r s ,  t h e  rocket-motor c o v e r ,  and misce l l aneous  t o o l s .  
Park ing  b rakes  a r e  provided on t h e  r e a r  wheels.  
4. Rocket-Motor Handling-Ring S e t  (PN 368767-9) 
The rocket-motor h a n d l i n g - r i n g  set ( F i g u r e  75) a t t a c h e s  t o  t h e  f o r e  
and a f t  f l a n g e s  of the rocke t  motor. The forward  e r e c t i n g  r i n g  s e r v e s  a s  an a t t a c h  
p o i n t  f o r  t h e  beam-type rocke t  motor s l i n g ,  and t h e  a f t  r i n g  s e r v e s  a s  t h e  lower 
suppor t  d u r i n g  e r e c t i o n ,  r o t a t i n g  wi th  t h e  a f t  c r a d l e  on t h e  t r a n s p o r t  e r e c t o r  t r a i l e r  
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5 .  Rocket-Motor Beam-Type S l i n g  (PN 368556-9) 
The beam-type rocket-motor s l i n g  ( F i g u r e  75) c o n s i s t s  of t w o  c a b l e  
s l i n g s  j o i n e d  to  a l i f t i n g  l i n k ,  a sp reade r  b a r ,  and two s h a c k l e s  t h a t  a t t a c h  t o  
t h e  l i f t i n g  l u g s  of t h e  forward  e r e c t i n g  r i n g .  
6. Rocket-Motor S t o r a g e  Dolly (PN 368550-9) 
The rocket-motor s t o r a g e  d o l l y  ( F i g u r e  76) s e r v e s  as  a work s t a n d  
for rocket-motor assembly and i n s p e c t i o n ,  and a s  a magazine s t o r a g e  d o l l y  f o r  A lgo l  
r o c k e t  motors.  The d o l l y  c o n s i s t s  of a welded p i p e  X-frame d o l l y  wi th  a neoprene- 
padded c r a d l e  a t  each end. Four c a s t e r s  p rov ide  m o b i l i t y  of t h e  s t a n d ,  and a tongue 
t h a t  may be a t t a c h e d  t o  e i t h e r  end of t h e  frame p rov ides  hookup t o  a tug. Footbrakes 
a t  each c a s t e r  assembly p reven t  t h e  c a s t e r  wheels from r o l l i n g .  
7. Rocket Motor Borescope (PN 368554-9) 
The r o c k e t  motor borescope ( F i g u r e  77) i s  an o p t i c a l  i n s t rumen t  
used t o  i n s p e c t  t h e  p r o p e l l a n t  b o r e  s u r f a c e s  of Algol  r o c k e t  motors t o  d e t e c t  any 
p r o p e l l a n t  d e f e c t s  t h a t  might adve r se ly  a f f e c t  motor performance. P r i n c i p a l  
d imens ions  a r e  shown i n  F i g u r e  78. 
The p r o p e l l a n t  s u r f a c e s  are i n s p e c t e d  by a probe i n s e r t e d  i n t o  t h e  
p r o p e l l a n t  bore.  The probe c o n t a i n s  a m i r r o r  t h a t  t r a v e l s  t h e  l e n g t h  of t h e  probe  
s l o t  and rotates 360 d e g r e e s  t o  e n a b l e  i n s p e c t i o n  of t h e  complete c o r e  a r e a .  A 
r o l l e r  u n i t  wi th  r e t r a c t a b l e  r o l l e r s  supports  t h e  bo re  end of t h e  probe. The 
probe  i s  removed when t h e  borescope i s  not  i n  use .  
The power and o p t i c a l  assembly houses t h e  o p t i c a l  and c o n t r o l  
e l emen t s  of  t h e  borescope. A t r i n o c u l a r  d e v i c e  and a camera e n a b l e  t h e  o p e r a t o r  t o  
view t h e  p r o p e l l a n t  g r a i n  s u r f a c e  and r eco rd  any v i e w  d e s i r e d .  
The probe and power and o p t i c a l  u n i t  i s  suppor ted  by an a d j u s t a b l e -  
h e i g h t  s t a n d .  
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8.  Rocket-Motor-Igniter I n s t a l l i n g  Tool (PN 368720-9) 
The i g n i t e r  i n s t a l l a t i o n  t o o l  i s  used  t o  i n s t a l l  o r  remove t h e  
i g n i t e r  w i th  t h e  motor e i t h e r  i n  t h e  h o r i z o n t a l  o r  v e r t i c a l  p o s i t i o n  and t o  remove or 
i n s t a l l  t h e  forward  sh ipp ing  p l u g  i n  t h e  motor.  
9 .  Handl ine Rine (PN 360690-3) 
The hand l ing  r i n g s  a r e  used  du r ing  t h e  f i n a l  s t a g e s  of  motor p repa ra -  
t i o n  f o r  shipment .  The r i n g s  a r e  used  f o r  l i f t i n g  t h e  motor h o r i z o n t a l l y  and a c t  a s  
chocks t o  keep  t h e  motor f rom s h i f t i n g  f o r e  and a f t  i n  t h e  motor c r a d l e s  du r ing  sh ip -  
ment. 
10. Rocket-Motor Nozzle P l u g  (PN 368807-9) 
The nozz le  p l u g  i s  used dur ing  a m o t o r - p r e s s u r i z a t i o n  ( l e a k )  check 
a f t e r  f i n a l  assembly and j u s t  p r i o r  t o  i n s t a l l a t i o n  i n t o  t h e  v e h i c l e .  
C .  MANUALS 
Two manuals were r e q u i r e d  t o  suppor t  t h e  GSE d e l i v e r e d  t o  NASA. 
The Opera t ions  Handl ing and Maintenance Manual, STM 170,  i n c l u d e s  s t e p  by 
s t e p  i n s t r u c t i o n s  f o r  p rocess ing  t h e  A l g o l  r o c k e t  motor from t h e  Aero je t  manufac tur ing  
f a c i l i t y  t o  assembly i n t o  t h e  v e h i c l e  a t  t h e  l aunch  s i t e .  
The maintenance i n s t r u c t i o n s  f o r  L i t t l e  Joe  group4 suppor t  equipment ,  STMTil, 
P rov ides  maintenance i n s t r u c t i o n s  f o r  t h e  f i v e  groups  of GSE s u p p l i e d .  
/ 
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Comparison of I g n i t e r  Charge Weigh t s  vs Motor F ree  Volumes 
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NO-FIRE DESIGN CAPABILITY 
1. No-f i re  c u r r e n t  each  br idgewire  c i r c u i t ,  1.0 amp 
minimum f o r  5 min minimum. 
2 .  No-f i re  wat tage each  br idgewire  c i r c u i t ,  1.0 wa t t  
minimum f o r  5 min minimum. 
3. No-f i re  v o l t a g e ,  p i n  t o  case  1000 V RMS minimum. 
4.  S t a t i c  d i scha rge  of 0.01 j o u l e  from a 0.04 micro 
f a r a d  c a p a c i t o r  a p p l i e d  from shunted l e a d s  t o  case .  
FUNCTIONAL DESIGN CAPABILITY 
1. 100% f i r i n g  c u r r e n t  each br idgewire  c i r c u i t ,  4.5 amps. 
2 .  Res is tance  each br idgewire  c i r c u i t ,  0.5 ohms minimum. 
3. A l t i t u d e  c a p a b i l i t y ,  s e a  l e v e l  t o  200,000 f t .  
4. Minimum a u t o i g n i t i o n  temp, 350°F f o r  8 h r .  
PHYSICAL DATA 
1. Squib s e a l  s h a l l  be g l a s s  o r  ceramic t o  meta l .  
2 .  I n i t i a t o r  charge t o  c o n s i s t  of 0.600 f 0.01 g r  of equa l  
p a r t s  by weight of i g n i t i o n  powder p e r  S p e c i f i c a t i o n  
AGC-34154 and pyro technic  powder a 35 m i ,  p e r  S p e c i f i -  
c a t i o n  AGC-32014. 
3. Dual br idgewire  c i r c u i t s .  
4. Closure t o  be r e s i s t a n c e  welded p e r  MIL-W-6858 Class  
B o r  s o f t  s o l d e r e d  p e r  MIL-S-6872. 
5. Connector end mates wi th  Bendix PC 06-10-6s s t r a i g h t  
6. Squib c a s e  t o  be B-113/C-1213 p e r  QQ-S-633, CD Hex., 
Plug - 
cadmium p l a t e d  p e r  QQ-P-416, Type 1, Clas s  1. 
7 .  Pressu re  t es t  g l a s s  t o  meta l  s e a l  w i th  d r y  N2 f o r  10 sec 
a t  10,000 p s i g  p r i o r  t o  p l a t i n g .  T e s t  f o r  leaks  wi th  
l e a k  test compound, Type 1 p e r  MIL-L-25567. No leakage 
permi t ted .  U n i t s  w i l l  be  accepted  on a n  i n d i v i d u a l  b a s i s .  
I n i t i a t o r  Design Data 
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Pos tf i r  i n g  View of  To? D e s t r u c t  C u t .  
F i g u r e  
Motor LJ -7  ( P h o t o  8 - 0 3  SP 455) 
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P o s t f i r i n g  View 3r Bottom u e s t r u c t  c u t ,  Motor LJ-7 
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Figure 29 
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P o s t f i r i n g  View of Nozzle Throa t  S e c t i o n ,  Motor LJ-1 (Pho to  5-63s 0 8 7 6 2 )  
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P o s t f i r i n g  View of Aft-Closure S e c t i o n ,  Motor LJ-1 (Photo  5-63s 0 8 7 5 8 )  
F i g u r e  37 
Report 0667-01 F 
Postfiring View of Nozzle Exit-Cone Section, Motor LJ-I (yhoto 5-63s 08757) 
Figure 38 
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Figure  42. Des t ruc t -Uni t  T e s t  Assembly 
F igu re  43 .  Wi tness  P l a t e s  Cut During D e s t r u c t  T e s t  
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P r e f i r i n g  View of Motor Des t ruc t -Tes t  S e t u p  (Photo  7-63 SP 7 0 8 )  
Figure  44 
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P o s t f i r i n g  View of Tes t  S t a n d  (Pho to  7-63 s p  7 0 7 )  
F i g u r e  45 
I 
Report 0667-01 F 
Figure 46. Primacord Harness Assembly and Test Plates, 
Seven-Motor-Configuration Destruct Test 
Figure 47. Close-up of Seven-Motor-Configuration Test 
Figure 46 and Figure 47 
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Weather Seal Broken bv Igniter Charge ( P h o t o  4-63 S 07882)  
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L J - 3  
LJ-5 
LJ-6A 
AVERAGE ( 4 )  
STD. DEV. 
Empty, l b  P r o p e l l a n t ,  l b  Nozzle ,  l b  
2098 19 ,000  802 
2053 18 ,972  
2045 18,933 
2040 18 ,919  
2046 1 8 , 9 4 1  
6 2 7  






Empty, l b  P r o p e l l a n t ,  l b  Nozzle, l b  
2098 19 ,000  
2052 1 8 , 9 6 3  
2046 1 8 , 9 7 1  
2045 1 8 , 9 6 0  
2119 18 ,918  
2065 1 8 , 9 5 3  








(A) Incomplete  motor - less i g n i t e r  and d e s t r u c t  u n i t  
( B )  Complete m o t o r  
L i t t l e  Joe I1 Motor Weight Summary 
Figure 52 
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Algol  I D  Mod 2 Motor Assembly 
Figure 5 4 ,  Sheet 1 of 2 
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MS 35224-76 
MS 35335-19 
512668-1, BOND IN PLACE 369410-1, INSTALLATION NOT REQUIRED 
WITH AGC-34151 AGHESIVE DURING HANDLING, SHIPPING 6 STORAGE 
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Algo l  ID Mod 1 Motor Envelope 
Figure 55 
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Values for Characteristics Used in Computer Program 
Figure 57, Sheet 1 of 2 
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Values for C h a r a c t e r i s t i c s  Used i n  Computer Program 
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Rocket-Motor Semitrailer 
Figure 68 






Semi t r a i l e r  Top 
Figure 69 
4 
L ~ ~ I N G  MT 








Report 0667-01 F 




Report 0667-01 F 
DETAIL B 
Rocke t-Motor Lif t ing  Beam 
Figure 72 
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ROCKET MOTOR LlFflNG BEAM 
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AUXILIARY CONTROL- HOIST 
Auxiliary Hoist Control and Principal Dimensions of Lifting Beam 
Figure 73  
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Rocke t-Mo tor Borescope 
Figure 77 
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Attachment A 
L i t t l e  Joe I1 Motor Process  Flow Chart 
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